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SYNOPSES 


Synopses of reports are presented below in reference 
card format for the reader’s convenience. 


FALLOUT FROM CHINESE NUCLEAR TEST OF MAY 138, 1965. 
S. Gold, J. Hardin, E. Tabor, H. Krieger, B. Branson, and B. Kahn (U.S. 
Public Health Service). Radiological Health Data and Reports, Vol. 7, 
April 1966, pp. 209-214. 

Daily air sampling activities by the National Air Sampling Network 
in the latter part of May 1965 indicated the arrival of fallout attributed 
to the second atmospheric nuclear test by the mainland Chinese. Recently 
formed fallout was first detected in 24-hour samples of airborne particu- 
lates collected May 19-20, 1965, by the Helena, Montana, station. The 
highest: gross beta activity found during the month was 7 pCi/m® at 
Denver, Colorado, on May 21-22. The major gamma-emitting radio- 
nuclides in the Denver samples were neptunium-239, molybdenum-99, 
and tellurium-132. Samples from other cities counted a week later than 
those from Denver contained predominantly barium-140, iodine-131, 
zirconium-niobium-95, cerium-141, and ruthenium-103. 

Barium-140 detection in Cincinnati on May 21-22, and in New 
York on May 22-23, was noted in relation to the predicted arrival of 
fallout in the troposphere on May 19. Analyses of rain samples for 
barium-140 indicated deposition of fresh fallout by almost all rains 
occurring between May 22 and July 8. 

WORDS: Air, barium-140, cerium-141, China, fallout, fission 
products, gamma emitters, iodine-131, molybdenum-99, neptunium-239, 
niobium-95, nuclear test, radionuclides, rain, ruthenium-106, tellurium— 
132, zirconium-95. 


COMPARISON OF STRONTIUM-90, IODINE-131, AND CESIUM-187 
IN MILK AND MILK PRODUCTS. T. C. Reavey and E. J. Baratta 
(Division of Radiological Health). Radiological Health Data and Reports, 
Vol. 7, April 1966, pp. 215-218. 

Distribution of strontium-90, iodine-131, and cesium-137 in series of 
whole milk and products representing the original milk in each series 
was studied. The radionuclide most affected by processing was iodine- 
131, which in the preparation of evaporated skim milk and nonfat dry 
milk was reduced to as little as 30 percent and 8 percent of the original 
fluid milk iodine-131 contents, respectively. While strontium-90 and 
cesium-137 contents of milk and milk products did not appear markedly 
changed by processing, cottage cheese, heavy cream, and butter retained 
the smallest concentrations of these radionuclides. 

KEY WORDS: butter; buttermilk; cesium-137; cottage cheese; 
cream; dry milk; iodine-131; milk; skim milk; strontium-90. 
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FALLOUT FROM CHINESE NUCLEAR TEST OF MAY 14, 1965 


S. Gold, J. Hardin, E. Tabor, H. Kreiger, B. Branson, and B. Kahn' 


SYNOPSIS—Daily air sampling activities by the National Air Sampling 
Network in the latter part of May 1965 indicated the arrival of fallout 
attributed to the second atmospheric nuclear test by the mainland 
Chinese. Recently formed fallout was first detected in 24-hour samples 
of airborne particulates collected May 19-20, 1965, by the Helena, 
Montana, station. The highest gross beta activity found during the 
month was 7 pCi/m* at Denver, Colorado, on May 21-22. The major 
gamma-emitting radionuclides in the Denver samples were neptunium- 
239, molybdenum-99, and tellurium-132. Samples from other cities 
counted a week later than those from Denver contained predominantly 
eae iodine-131, zirconium-niobium-95, cerium-141, and ruthe- 
nium-103. 


Barium-140 detection in Cincinnati on May 21-22, and in New York 
on May 22-23, was noted in relation to the predicted arrival of fallout 
in the troposphere on May 19. Analyses of rain samples for barium-—140 
indicated deposition of fresh fallout by almost all rains occurring 
between May 22 and July 8, 1965. 


In anticipation of fallout from the second At each station, suspended particulate mat- 
atmospheric nuclear test by the mainland ter from approximately 2,500 cubic meters of 
Chinese on May 14, 1965 (2 a.m. Greenwich air was collected with a high-volume pump on 
time, May 14, or 10 p.m. EST, May 13), air- an 8- by 10-inch glass fiber filter over a 24-hour 
borne particulate samples were collected daily period. After collection, the filters were re- 
from May 20-27 at the National Air Sampling moved and sent to the Robert A. Taft Sanitary 
Network (NASN) stations shown in figure 1, Engineering Center for analysis. Gross beta 
and at the Radiological Health Research Ac- activity from fallout was measured with an 
tivities (RHRA) station in Cincinnati. On May end-window proportional counter after ‘the 
28, all of the NASN stations shown in figure 2 decay of the short-lived radioactive daughters 
collected their regular biweekly air samples of naturally occurring radon and thoron, 4 
and submitted them for analysis. The arrival days after collection. The radioactivity con- 
in the United States of fallout from this nuclear centration in picocuries per cubic meter of air 
test was thus detected at ground level by the was determined by: 

NASN and its magnitude estimated in support 
of radiation surveillance of the air by the aa KC 
Radiation Surveillance Network (RSN) (1). ~ FEV 


1 Messrs. Gold, Hardin, Kreiger, and Branson are where: A—concentration (pCi/m*) 
staff members, and Dr. Kahn is chief, Radiological 


Health Research Activities, Division of Radiological K = 2.22 (pCi/ dpm) 
Health; Dr. Tabor is chief, National Air Sampling C = count rate (cpm) 
Network, Laboratory of Engineering and Physical 


Sciences, Division of Air Pollution. Both of these Divi- F = self-absorption factor 

sions are agencies of the Public Health Service, U.S. E — counter efficiency (cpm/dpm) 
Department of Health, Education, and Welfare, Robert V =air volume (m°) 

A. Taft Sanitary Engineering Center, Cincinnati, Ohio. Bs, 
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After several days, the gross beta activity of 
the air filters was measured again to identify 
recently formed radionuclides by a decrease in 
the count rate. Gamma-emitting radionuclides 
were identified and measured by gamma spec- 
tral analysis with a 4- by 4-inch Nal (thallium) 
crystal and a 200-channel spectrometer (2). 
Errors due to counting are approximately + 
10 percent of the reported values. 

The gross beta concentration of recently 
formed fallout given in figures 1 and 2 was 
estimated by subtracting 0.5 pCi/m* from the 
measured value to correct for fallout from pre- 
vious nuclear tests. (The concentration of 0.5 
pCi/m* was the average measured in April, 
when no fresh fallout was detected on airborne 
particules.) Concentrations between 1.0 and 0.1 
pCi/m® were recorded as trace (T), and any 
below 0.1 pCi/m* as not detectable (N). The 
values pertain to the day of counting and were 
undoubtedly higher when the samples were 
collected. 
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Figure 3. Gamma spectrum of air filter collected 
May 20, 1965, at Denver, Colorado 
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Recently formed fallout was first detected at 
Helena, Montana, on the first day of collection, 
May 19-20. The highest gross beta activity was 
7 pCi/m* at Denver, Colorado, on May 21-22; 
the RSN also reported maximum concentra- 
tions in this area (1). Figures 1 and 2 indicate 
that short-lived radionuclides were detected in 
most parts of the United States during the lat- 
ter part of May. With few exceptions, concen- 
trations on May 27-28 were below 1.0 pCi/m‘*. 
A similar pattern of arrival from the North- 
west and distribution throughout the United 
States within a week was observed for fallout 
from the first Chinese test in October 1965 (3). 

The gamma-emitting radionuclides collected 
in some of the more radioactive air filters are 
identified in the spectra of figures 3 and 4 and 
quantitated in tables 1 and 2. The major con- 
stituents of the filters from Denver were 2.3- 
day neptunium-—239, 2.8-day molybdenum-99, 
and 3.2-day tellurium-132. The filters from 
the cities listed in table 2 were counted a week 
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Figure 4. Gamma spectrum of air filter collected 
May 27, 1965, at Honolulu, Hawaii 
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Table 1. Short-lived gamma-emitting radionuclides on 


airborne aes at vere Colorado 


} | Expected | 
percent | Concentration at col- 




















Half-life of gross | lection, pCi/m* 
Radionuclide | (days) j|beta activ-| 
ity, 10- |__ 
| day-old = | 
manned a) § — 8 5/21/65 
| 
ee 100 6.5 2.9 
Neptunium-239-___..__- 2.3 — | 7.1 3.4 
e (-) ¢ (-) 
Molybdenum-99-_-._-.-- 2.8 8.2 2.4 0.80 
(14) (13) 
Tellurium-132__.-....--- | 3.2 6.1 0.98 0.49 
(6.3) (8.8) 
Barium-140............- | 12.8 11.8 0.66 0.32 
(8.2) (9.4) 
EE ttt Beanies ane de 8.1 7.3 0.50 0.20 
(5.4) (5.3) 
Zirconium-niobium-95- - -- 65 4.4 0.60 0.18 
| (9.2) (6.2) 
ee 33 6.4 | 0.52 0.22 
| | (7.4) (7.2) 
Ruthenium-103---____ ~~. 40 3.2 | 0.15 0.074 
| | (2.9) (2.4) 
| | 





8 24-hour collection period ending on this day. 

> Recently formed fission products only, on 5/24/65. 

¢ Figures in parentheses are percent of gross beta activity after correction 
for decay to 5/24/65. 


Table 2. Short-lived gamma-emitting radionuclides on 
airborne particles at Honolulu, Tucson, and Cincinnati 




















| Expected} Concentration at collec- 
} percent tion, pCi/m’ 
| of gross 
Radionuclide Half-life | beta ac- 
(days) tivity, | Hono- | Tucson | Cincin- 
20-day- lulu 5/29- rati 
old mix-| 5/27- | 30/65 | 5/23- 
ture 28/65 * 24/65 > 
| 
Gross beta >________._- | 100 2.3 8.3 0.80 
Barium-140_._......--- | 12.8 0.46 1.4 0. 
| 12.3 |¢ (14) (13) (12) 
letiante?.. . ..--......2 o8 | 0.2 0.70 | 0.089 
| 5.6 | (6.1) | (5.9) | (4.8) 
Zirconium-niobium-95 - - - 65 |. - ae 0.53 0. 
| 8.3 | (9.6) (6.4) (7.9) 
0 | 33 | 0.3 FF 0.12 
} 9.5 | (12) | (12) (12) 
Ruthenium-103--------- 40 | 0.19 0.65 0.059 
| 4.7] (7:3) | (7.3) | @.1) 











* 24-hour collection period ending on this day. 

> Recently-formed fission products only, on 6/3/65. 

¢ Figures in parentheses are percent of gross beta activity after correction 
for decay to 5/24/65. 


later than those from Denver; they contained 
predominantly barium-140, iodine-131, zir- 
conium-niobium-95, cerium-141, and _ ruthe- 
nium-103, although the shorter-lived neptu- 
nium-239, molybdenum-99, and tellurium—132 
were still present. Radionuclides with half-lives 
longer than that of 40-day ruthenium-103 
from this and previous tests were obscured in 
these spectra by the indicated radionuclides. 
The short-lived radionuclides are all fission 
products except for neptunium-—239, which is 
the daughter of 23.5-minute uranium-239, 
formed by the (n,y) reaction with uranium- 
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238. The fission product distribution approxi- 
mates the distribution based on reported yields 
(4). Table 1 shows some fractionation, as in 
the higher concentrations of molybdenum-99 
and zirconium-niobium-95. 

To compute these values, the concentrations 
at the time of counting were extrapolated to the 
collection date. For the gross beta concentra- 
tion of fresh fission products, the concentrations 
of old fallout (0.5 pCi/m*) and of neptunium- 
239 were subtracted, and the activity was then 
extrapolated for logarithmic decay. 

The iodine-131 values given in tables 1 and 
2 may be lower than actual iodine-131 con- 
centrations in air, because a fraction of the 
radionuclide was gaseous rather than associ- 
ated with airborne particles (5). As shown in 
table 3, some iodine-131 passed through the 
glass-fiber filter and was collected on charcoal. 
If the charcoal retained all of the iodine-131 
that passed into the cartridge, and the relative 
concentrations on the filter and the charcoal 
were typical, one-third to one-half of the io- 
dine-131 in the air was not collected on filters. 




















Table 3. lIodine-131 in ground-level air, Cincinnati, 
Ohio, May 1965 
Gross beta concentration Concentration at 
4 days after collection collection (pCi/m') 
Collection (pCi/m*) 
date, 1965 | as eee 
Old Fresh Iodine-131 Todine-131 
filter | cartridge * 
ow | 
UL | 0.54 <0.1 | <0.01 | <0.005 
Swe 0.36 <0.1 | <0.01 | <0.005 
5/20-24.......- 0.31 0.42 | 0.045 | 0.023 
5/24-28.......- | 0.22 0.43 | 0.034 0.031 
§/28-6/1....... 0.53 <0.1 <0.02 0.012 








* 8-cm diameter, 2.5-em depth, containing 85 
rate was 2 m/sec. 


gram charcoal; linear flow 


Short-lived gamma-emitting radionuclides at 
gross beta concentrations below: 1 pCi/m* were 
not so easily identifiable as those for the higher 
concentrations shown in figures 3 or 4, but the 
spectra of the mixture were distinguishable 
from old fallout, as.shown in figure 5. The most 
sensitive indicator of fresh fallout was the 
1.60-—MeV peak of the lanthanum-140 daughter 
of barium-140. Consecutive daily concentra- 
tions of barium-140 at Cincinnati (table 4) 
show the arrival of fresh fallout on May 21-22 
and its detection on almost every day until July 
7-8. In addition to the daily variations in bar- 
ium-140 concentration because of changes in 
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COLLECTED MAY 22/23, 1965 (FRESH FALLOUT) 






COLLECTED MAY 20/21, 1965 
(OLD FALLOUT) 
we 


Net activity (counts/min, 20 keV) 
ro) 
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Figure 5. Gamma spectra of air filters collected at 
Cincinnati, Ohio, showing old and recently formed 
fission products 


the weather, three broad peaks appeared, with 
maxima on approximately May 24, June 9, 
and June 22. The 2-week periods separating 
these maxima may be the time required for the 
fallout cloud to circle the globe. The initial 
detection on May 21-22 compares with the first 
appearance of barium-140 in New York on 
May 22-23, and the predicted arrival in the 
troposphere on May 19 (5). 

Almost all of the rains occurring between 


May 22 and July 8 deposited fresh fallout on 
Cincinnati, as indicated by their barium-140 


contents, listed in table 4, The deposition of 
this fresh fallout led to detectable iodine-131 
concentrations in milk from this area during 
the period (6). 
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Table 4. Barium-140 on airborne particles and in rain 








at Cincinnati, Ohio 
Date Air, Rain, Date Air Rain 
1965 * | (pCi/m!) >| (pCi/liter)» 1965 * (pCi/m!) >| (pCi/liter)> 
(mm) (mm) 
May 20-- <0.01 June 17... 0.04 
i... <0.01 | a 0.07 
22 0.03 19 0.09 
23 0.11 20 0.07 
24 0.17 0.10 
== 0.05 450 (2) a 0.14 
= Lost 80 (2) 0.13 
ae 0.07 24 0.09 <10 (1) 
28... 0.08 25 0.07 
29. 0.0. 26 0.05 
30_- <0.01 27. 0.07 
31° 28. 0.04 
0.01 | <10 (24) 
June 1°. 0.02 85 (2) Wawen 0.02 
Bi 0.06 | 75 (10) 
ins 0.10 July 1-.. 0.05 
- 0.01 | oe 0.06 10 (1) 
ass 0.04 
= 0.06 _ ae 0.03 10 (4) 
= 0.16 | 70 (15) 
- 0.11 5 
cs 0.16 60 (1) 6° 0.03 
is i 0.03 10 (2) 
iin 0.20 = 0.01 
10__- 0.10 70 (1) 
inet 0.09 | 55 (10) 2... <0.01 
12... 0.08 10_. <0.01 | <10 (19) 
- <0.01 
a. 0.06 = <0.01 
14_. 0.06 13.. <0.01 
15. 0.02 14_. <0.01 <10 (5) 
16_. 0.04 




















* 24-hour collection period ending on this date. 

> Corrected for decay to date of collection. Numbers in parentheses 
give mm of rainfall. 

¢ 48-hour collection period. 
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COMPARISON OF STRONTIUM-90, IODINE-131, AND CESIUM-137 


IN MILK AND MILK PRODUCTS 


Thomas C. Reavey and Edmond J. Baratta* 


SYNOPSIS—Distribution of strontium—-90, iodine-131, and cesium-137 
in series of whole milk and products representing the original milk in 
each series was studied. The radionuclide most affected by processing 
was iodine-131, which in the preparation of evaporated skim milk and 
nonfat dry milk was reduced to as little as 30 percent and 8 percent of the 
original fluid milk iodine-131 contents, respectively. While strontium-90 
and cesium-137 contents of milk and milk products did not appear 
markedly changed by processing, cottage cheese, heavy cream, and 
butter retained the smallest concentrations of these radionuclides. 


A study of the levels of strontium-—90, iodine- 
131, and cesium-137 in samples of whole milk 
and milk products obtained from two local 
processing plants serving the Boston area was 
conducted by the staff of the Northeastern 
Radiological Health Laboratory during 1962, 
1963, 1964, and reported previously (1). 

For iodine-131 comparison, four groups of 
samples were collected from two milk plants. 
The first of these groups, obtained during a 
period of elevated local fallout, included heavy 
cream, whole milk, evaporated skim milk (40 
percent milk solids), and nonfat dry milk. For 
evaluation of strontium-90 and cesium-137, 
three series of samples were obtained, at one 
month intervals, from a second plant. These in- 
cluded fluid milk and six different milk prod- 
ucts. Product samples in each group were 
selected to be representative of the original 
fluid milk. 


lodine-131 distribution 


The distribution of iodine-131 in the four 
groups of samples is shown in table 1. The 
measured concentrations of iodine-131 in sam- 
ples of each product are listed in the second 


column of table 1, The data in the table are 
divided into four groups, The samples within 
each group were collected so that the activities 
of the samples from one group are comparable, 


All iodine-131 concentrations are corrected 
for decay to the time of collection. However, 





Mr. Reavey is a staff chemist and Mr. Baratta is 
director, Analytical Services Program, Northeastern 


Radiological Health Laboratory, Winchester, Massa- 
chusetts. 


April 1966 


the activities of samples from one group 
cannot be compared to the activities from 
another. For example, the activities of the 
heavy cream sample and the whole milk 
sample in Group A, table 1, can be used to 
determine the iodine—-131 carried over from the 
whole milk into the cream sample. However, 
the activity of the heavy cream sample of Group 
B cannot be compared to the activity of the 
whole milk sample of Group A. Based on the 
data in table 1, the relative amount of iodine— 
131 in each product as contrasted to the origin- 
al whole milk is shown in figure 1. This figure 
was constructed on the basis of an assumption 
that the percentage distribution of activity 
for each of the products will be approximately 
the same, regardless of the activity in the orig- 
inal milk sample. This assumption is roughly 


Table 1. Concentrations of iodine-131 in 

















samples of milk and milk products 
Percent of Observed '*!I 
Group Product original concentration 
weight (pCi/kg) **> 
A NE Gi knkctvcavnccance 100 261 
Evaporated skim milk (40 
percent milk solids)... ..... 20 322 
Heavy cream (40 percent 
ETE 10 493 
Nonfat dry milk............. 8 228 
B | Heavy cream............... 10 46 
Me SRR 5 16 
Buttermilk concentrate....... 1,7 200 
© Tei ccctseesuieventse ) 82 
Cottage cheese *............. 14 $1 
D 1 WMS. cénesadderics 10 81 
Se intdsebsibietscces 90 70 














* Corrected for decay to time of collection. 

> Although the analytical errors for measurements of this kind may be 
expected to be on the order of those reported for various milk networks, 
these are not presented here since normal variations in the composition 
of milk could outweigh the analytical error. 

© Not creamed. 
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borne out by the relationships shown in the 
analytical data. Observation of the data shows 
that heavy cream (40 percent butterfat) con- 
tained almost twice as much iodine-131 per 
kilogram as whole milk. However, since heavy 
cream represents only about 10 percent of the 
weight of the whole milk, the total content of 
iodine-131 in the cream was only about 20 
percent of that in the milk. 

The concentration of iodine-131 in evapo- 
rated skim milk (a concentrate containing 40 
percent milk solids?) was about 25 percent 
greater than that in the original whole milk. 
Due to the weight loss by evaporation, this 
concentration of iodine-131 actually represents 
only about 30 percent of the activity in the 
original sample (figure 1). This indicates a 
direct loss of iodine—-131 in the evaporation 
process. Continued evaporation in the process 
of producing nonfat dry milk, reduced the 
iodine—131 content still further. This loss was 
confirmed by the fact that only 8 percent of the 
iodine-131 in the original whole milk was re- 
tained in a non-fat dry milk. Raymond and 
Williams (2) reported a 40 percent loss of 
iodine-131 in the production of nonfat dry 
milk and no loss in the production of evapo- 
rated milk. This discrepancy may be accounted 
for by differences in manufacturing processes. 


2 Referred to as “number three condensed milk” in 
the industry. 


Strontium-90 and cesium-137 distribution 


The concentration of strontium—90 and ces- 
jum-137 in the three series of samples obtained 
from the second plant are shown in table 2. 
Calculated ratios of strontium—90 to stable cal- 
cium, and cesium-137 to stable potassium are 
also tabulated. As in table 1, the data of sam- 
ples within a group of any one series are com- 
parable, but data from different groups and 
series are not comparable. Using the same 
assumption as for figure 1, the relative amounts 
of strontium—90 in each product, as contrasted 
to that in the original whole milk, are shown in 
figure 2. 

The data indicate that very small percent- 
ages of strontium-90 were retained in heavy 
cream, butter, and cottage cheese, as compared 
to the amount in the original whole milk. How- 
ever, the strontium-—90 to calcium ratios were 
essentially constant within each series of sam- 
ples, indicating that strontium—90 accompanies 
calcium in each of the separation processes. 

The distribution of cesium-137 was similar 


to that of strontium-90 (figure 3). The prod- 


ucts in which the cesium—137 concentration is 
low are also low in stable potassium. Thus it 
may be concluded that cesium—137 closely fol- 
lows potassium in each of the separation proc- 
esses. These results and those on strontium- 
90 are in substantial agreement with other 
authors (3-7). 


Relative iodine-131 activity 
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Figure 1. Distribution of iodine-131 in milk and 
milk products 


216 


Radiological Health Data and Reports 


























Table 2. Strontium-90 to calcium and cesium-137 to potassium ratios in 
samples of milk and milk products * 




















Ratio Ratio 
Product Series Sr Ca of Sr 81Cg K of 7Cs 
(pCi/kg) (g/kg) to Ca (pCi/kg) (g/kg) to K 
(pCi/g) (pCi/g) 
Group 1 
inc ctucccnccunbece A 38.1 1.13 34 296 1.45 204 
B 33.4 1.15 29 342 1,32 259 
Cc 23.0 1.13 20 227 1.33 171 
icc cuaccebunnn A 21.8 0.65 34 210 1.14 184 
B 16.8 0.58 29 167 1.04 161 
Cc 10.7 0.48 22 149 0.88 169 
Non-fat dry milk..........-- A 460 13.2 35 3,535 17.4 203 
B 380 13.7 28 3,268 17.8 184 
Cc 386 18.8 21 3,396 18.4 185 
Group 2 
Pc anbkeonthncasedee A 42.5 1.26 34 348 1.50 232 
B 50.0 1.25 40 378 1.60 236 
Cc 45.7 1.28 36 348 1.52 229 
Large curd (cottage cheese) - - - A 21.2 0.60 35 104 0.39 267 
B 23.6 0.55 43 110 0.39 282 
Cc 20.6 0.52 40 101 0.38 266 
Small curd (cottage cheese) - - A 10.4 0.22 48 44 0.13 338 
B 16.7 0.39 43 128 0.40 320 
Cc 7.9 0.26 30 56 0.29 193 
ndccdteseacimaensumnet A 50.1 1.28 39 358 1.60 224 
B 54.8 1.27 43 399 1.72 232 
Cc 46.2 1.31 35 362 1.59 228 
Group 3 
BE SUNN Kc wcncacesasahu A 17.1 0.57 30 162 0.89 182 
B 16.4 0.56 29 174 0.90 192 
Cc 16.5 0.59 28 216 0.96 225 
Psd anistudh mucecsinudeeel A — 0.09 -- 38 0.22 173 
B 4.7 0.09 52 38 0.15 253 
Cc 4.2 0.14 29 80 0.27 296 


























* See footnote b, table 1. 


Discussion 

The processes involved in the production of 
certain milk products can cause a significant 
reduction in their iodine-131 content. This is 
well demonstrated by the data for evaporated 
skim milk (40 percent milk solids) and non- 
fat dry milk, from which portions of the re- 
spective radioactive contents were lost during 
the evaporation process. If no iodine-131 had 
been lost, the evaporated skim milk would have 


contained about 1,000 picocuries of iodine-131 
per kilogram. Since nonfat dry milk repre- 
sents only 8 percent of the weight of the 
original whole milk, and liquid skim milk con- 
tains 80 percent of the iodine-131 in whole 
milk, the dry product would have contained 
about ten times as much iodine-131 per kilo- 
gram as the original milk, had there been no 
losses in the evaporation process. In this study, 
however, the measured iodine-131 activity of 
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Figure 2. Distribution of strontium-90 in milk and milk products 
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Figure 3. Distribution of cesium-137 in milk and milk products 


the evaporated skim milk samples (table 1) 
was roughly equal to that of the skim milk. 
Based on these results, conversion of contami- 
nated whole milk into evaporated skim milk or 
non-fat dry milk could be one means for reduc- 
ing iodine—131 levels in times of emergency. 


Since the ratio of strontium-90 to stable 
calcium remained almost constant in the fluid 
milk and its various products, it is apparent 
that the processes involved in their manufac- 
ture did not in any way cause a preferential 
loss of strontium-—90,. The data show that cot- 
tage cheese (small curd), heavy cream, and 
butter represent the products with the lesser 
concentrations of calcium and hence of stron- 
tium-90. In times of emergency, milk contami- 
nated with higher levels of strontium—90 could 
be directed to the manufacture of these prod- 
ucts. It is asumed that strontium levels would 
not be so high that these products would also 
be health hazards. 


From the standpoint of protein or energy 
(calorie) requirements, Lengemann (3) has 
shown that dietary needs could be met through 
the substitution of cottage cheese for whole 
milk. Although this approach would consider- 
ably reduce the intake of strontium—90, it is 
important to note that the resulting diet would 
be inadequate in calcium. Since cesium-137 ap- 
years to follow closely the behavior of stron- 
tium-90, the amount of radiocesium in the diet 
would likewise be reduced if such a substitution 
were made. Because of the dietary need for 
calcium and the greater health hazard of stron- 
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tium-90, however, it would appear that, in 
times of emergency, the utilization of milk 
products should be based on the intake of cal- 
cium and strontium-90 rather than cesium—137. 
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Section I. Milk and Food 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Efforts are being made by both Federal 
and State agencies to monitor the intake of 
various radionuclides in the total diet on a con- 
tinuing basis. Although the total diet is the 
most direct measure of intake of radionuclides, 
indicator foods may be used to estimate dietary 
intake where specific dietary data are not 
available. As fresh milk is consumed by a large 
segment of the United States population and 
contains most of the biologically significant 
radionuclides from nuclear test debris which 
appear in the diet, it is the single food item 
most often used as an indicator of the popula- 
tion’s intake. Moreover, it is the major source 
of dietary intake of shortlived radionuclides. 
In the absence of specific dietary information, 
it is possible to approximate the total daily 
dietary intake of selected radionuclides as 
being equivalent to the intake represented by 
the consumption of 1 liter of milk. More direct 
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estimates of dietary intake of radionuclides 
than those furnished by indicator foods can be 
obtained by analyses of the total diet or repre- 
sentative principal food items or groups com- 
bined with appropriate consumption data. 


The Federal Radiation Council has developed 
Radiation Protection Guides (RPG’s) for con- 
trolling normal peacetime operations, assuming 
continuous exposure from intake by the popu- 
lation at large (1, 2). The RPG’s do not and 
cannot establish a line which is safe on one 
side and unsafe on the other; they do provide 
an indication of when there is a need to initiate 
careful evaluation of exposure (3). Additional 
guidelines are provided by the International 
Commission on Radiological Protection (4,5). 


Data from selected National, International, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross section of routine sampling 
programs which may be considered of a 
continuing nature. 
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NATIONAL AND INTERNATIONAL MILK SURVEILLANCE 


As part of continuing efforts to quantita- 
tively monitor man’s exposure to radionuclides, 
various National and International organiza- 
tions routinely monitor radionuclide levels in 


milk. In addition to those programs reported 
below, Radiological Health Data and Reports 
coverage includes: 


Last presented 


September 1965 
October 1962 


Period reported 
January-March 1965 
January 1961—April 1962 


Program 


Radiostrontium in milk 
United Kingdom milk 








1. Pasteurized Milk Network 
December 1965 


Division of Radiological Health 
and Division of Environmental Engineering 
and Food Protection, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN) was designated to provide 
nationwide surveillance of radionuclide con- 


centrations in milk through sampling from 
major milk production and consumption areas. 
The present network of 63 sampling stations 
(figure 1) provides data on milk in every State. 
In addition, milk is sampled in the Canal Zone 
and Puerto Rico. The most recent description 
of the sampling and analytical procedures em- 
ployed by the PMN appeared in the December 
1965 Radiological Health Data (1). 

The results for December 1965 and fourth 
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Figure 1. Pasteurized Milk Network sampling locations 
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Table 1. Average concentrations of stable elements and radionuclides in 
pasteurized milk for the fourth quarter and December 1965°* 




















Calcium Strontium-89 Strontium-90 Cesium-137 Iodine-131 
(g/liter) (pCi/liter) (pCi/liter) (pCi /liter) (pCi/liter) 
Sampling locations 
Fourth |December| Fourth |December| Fourth |December| Fourth |December| Fourth | December 

quarter 1 quarter 1965 quarter 1965 quarter 1965 quarter 1965 

Ala: eee re 1.18 1.21 <5 <5 14 12 30 30 0 0 
SS!) Se eee 1.30 1.23 <5 <5 15 20 55 70 0 0 
Ariz: , +éntmecaseunasesusesese 1.25 1.26 <5 <5 3 15 15 0 0 
Ark: PES Snacks ntcseesecdsased 1.20 1.22 <5 <5 27 26 30 35 0 0 
Calif RIND... u.5cncsncccuscsense 1.27 1.30 <5 <5 4 4 15 0 0 
Ban Francisco. ..........c-cccccs 1.29 1.32 <5 <5 4 4 15 20 0 0 

C. Z: Co eS ee eee 1.13 1.13 <5 <5 5 35 30 0 0 
Colo PN .2605500556060n005e06000 1.28 1.28 <5 <5 12 12 25 35 0 0 
Conn ee 1.12 1.12 <5 <5 12 ll 40 0 0 
Del: SI, waconcnnnsocssnecéa 1.15 1.18 <5 <5 14 14 35 35 0 0 
D. eee ee 1.16 1.16 <5 <5 13 13 25 3 0 0 
Fla Wein saacsdccntsnnisnenseunse 1.18 1.22 <5 <5 14 12 135 110 0 0 
Ga: innit cutinmncnnet ended te 1.17 1.19 <5 <5 19 20 45 40 0 0 
“2  Seeperengerrercy oy 1.16 1.17 <5 <5 6 4 40 40 0 0 
Idaho DT. ..s6550osenenenbnee 1.28 1.30 <5 <5 13 13 45 50 0 0 
Ill: Dt as canensbeséesaseues 1.14 1.14 <5 <5 1l 10 35 40 0 0 
Ind: DD, 620¢06e800seec0q00s 1.17 1.17 <5 <5 12 12 25 25 0 0 
Iowa ee Mn cntcnstacccuntecens 1.26 1.26 <5 <5 14 12 20 25 0 0 
Kans a ee Sere ee 1.27 1.31 <5 <5 13 13 20 25 0 0 
Ky: Louisville 1.16 1.19 <5 <5 17 16 20 0 0 
La: New Orleans 1.22 1.23 <5 <5 30 29 40 40 0 0 
Maine Portland 1.14 1.16 <5 <5 17 17 65 70 0 0 
Md: Baltimore 1.17 1.20 <5 <5 16 17 25 25 0 0 
Mass: | 1.15 1.17 <5 <5 16 15 60 60 0 0 
Mich Deteelt........+ 1.12 1.12 <5 <5 ll 10 30 30 0 0 
Grand Rapids_ 1.16 1.16 <5 <5 14 13 45 0 0 

Minn Minneapoli 1.26 1.25 <5 <5 22 21 40 35 0 0 
Miss Jackson ___ 1.24 1.30 <5 <5 25 24 25 25 0 0 
Mo: Kansas Cit 1.22 1.23 <5 <5 16 14 20 0 0 
St. uis 1.27 1.27 <5 <5 18 16 20 20 0 0 

Mont: EEE Ee ee 1.31 1.34 <5 <5 15 16 45 50 0 0 
Nebr: ELLE OE es ENE 1.22 1.21 <5 <5 16 13 25 25 0 0 
Nev: PTT STS 1.27 1.28 <5 <5 5 6 25 25 0 0 
N. H: Ns .cctcnssknestebsiuex 1.14 1.15 <5 <5 18 18 70 75 0 0 
N. J: TTS oa nk on ches koaheon 1.14 1.15 <5 <5 11 12 30 35 0 0 
Bes Et EIN. ccnccccccotcceesee 1.23 1.25 <5 <5 7 20 25 0 0 
N.Y ae Sere ae 1.10 1.10 <5 <5 11 11 40 40 0 0 
EEE RS 1.11 1.14 <5 <5 14 13 40 45 0 0 

ti. cies sennegebenesennl 1.10 1.11 <5 <5 12 12 35 0 0 

N.C: EE SS FE 1.20 1.25 <5 <5 25 26 30 30 0 0 
8 ee See Egegyart rE ore 1.27 1.25 <5 <5 30 28 40 50 0 0 
Ohio EE Se 1.15 1.16 <5 <5 13 11 20 25 0 0 
Dh <ccennenguésdbmensuel 1.14 1.16 <5 <5 13 13 25 30 0 0 

Okla: SIN ag 5 aa, * 1.17 1.18 <5 <5 14 13 20 20 0 0 
Ore Din ..6stavabébdenehnk iil 1.27 1.28 <5 <5 12 ll 40 35 0 0 
Pa AR RET. ARR Si 1.12 1.14 <5 <5 12 1l 30 0 0 
Pe cdbennnddinbocenebind 1.13 1.11 <5 <5 17 17 40 45 0 0 

P. R: Ee | eye 1.11 1.11 <5 <5 Q q 30 25 0 0 
R. I: Di accoscteckenwsonsses 1.14 1.15 <5 <5 15 14 45 50 0 0 
8. C: iin a dian cae 1.19 1.22 <5 <5 25 24 55 45 0 0 
ne Pan ccccubaehnooctese 1.23 1.29 <5 <5 21 20 45 45 0 0 
Tenn: SN... nice dubthescunens 1.25 1.28 <5 <5 22 20 30 35 0 10 
Patnncsbucticnekasnvhsee 1.18 1.20 <5 <5 18 16 20 25 0 0 

Tex PE accnthnwendéedesdabane 1.17 1.20 <5 <5 6 6 10 10 0 0 
Ai an ons pniee nde akwalentine 1.17 1.20 <5 <5 12 11 20 0 0 

Utah: Te, ... axvcccveannaeeee 1.38 1.37 <5 <5 12 13 40 40 0 0 
Vt: eee 1.12 1.14 <5 <5 14 13 55 0 0 
Va: Pidie. susncedhsahononsetae 1.18 1.21 <5 <5 16 15 25 25 0 0 
EE Ee a ae 1.30 1.32 <5 <5 16 13 45 35 0 0 
Dh otencsnad hmadeae canines 1.31 1.35 <5 <5 16 14 45 0 0 

Sf Sop REOSr Een 1.16 1.16 <5 <5 16 15 20 20 0 0 
Wis: a tern 3h sie tc acutiaiuadsiia etd 1.20 1.20 <5 <5 12 11 40 40 0 0 
Wyo. Rh cntccsdneeehhasneeeeaed 1.29 1.35 <5 <5 16 ll 45 45 0 0 
eee SANE... nc senncgndcdasaneaehen 1.20 1.21 <5 <5 14.6 13.9 35 36 0 0 
































* All barium-lanthanum-140 values below detectable levels. 


quarter of 1965 are presented in table 1. The 
average monthly radionuclide concentrations 
are based on results obtained from samples col- 


lected weekly. 


If radionuclide values were 


below minimum detectable concentrations (1), 


April 1966 


averages were calculated using one-half the 
minimum detectable value; however, for io- 
dine-131 and barium-140, zero was used for 
averaging purposes when concentrations were 
below minimum detectable levels. 
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Table 2. Frequency distribution, strontium-90 concentra- Table 3. Frequency distribution, cesium-137 concentra- 





























































































































tions in milk at Pasteurized Milk Network stations, July- tions in milk at Pasteurized Milk Network stations, July- 
December 1965 and December 1964 December 1965 and December 1964 
Number of stations | Number of stations 
Strontium-90 
(pCi /liter) 1965 1964 Cesium-137 1965 | 1964 
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Figure 2. Strontium-90 concentrations in pasteurized milk, 1961—December 1965 


Distributions of strontium-90 and cesium-— are also shown. The average strontium-90 con- 
137 are presented in tables 2 and 3 for July centrations in pasteurized milk from selected 
through December 1965; for comparative pur- _ cities are presented in figure 2. 
poses corresponding values for December 1964 
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2. Canadian Milk Network 
December 1965' 


Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At pres- 
ent 16 milk sampling stations (figure 3) are 
in operation. Their locations coincide with air 
and precipitation sampling stations. 

Milk samples are collected three times a week 
from selected dairies and are combined into 
weekly composites. The contribution of each 
dairy to the composite sample is directly pro- 
portional to the liquid volume of sales. Weekly 
spot check analyses are made for iodine-131, 
and monthly composites are analyzed for 


* Prepared from January 1966 monthly report “Data 
from Radiation Protection Programs,’ Canadian De- 
—_ of National Health and Welfare, Ottawa, 
Canada. 


strontium-90, cesium-137, and stable calcium 
and potassium. The analytical procedures were 
outlined in the December 1965 issue of 
Radiological Health Data (2). 

The December 1965 monthly average stron- 
tium-90, cesium-137, and stable calcium and 
potassium concentrations in Canadian whole 
milk are presented in table 4. Iodine-131 and 
strontium-89 concentrations were below mini- 
mum detectable levels. 


Table 4. Stable elements and radionuclides in Canadian 
whole milk, December 1965 























Stron- Cesi- 
Station Calcium | Potassium| tium-90 um-137 

(g/liter) | (g/liter) | (pCi/liter) | (pCi/liter) 
CN id ake ébénbee 1.15 1.5 18.7 70 
Edmonton----.-.....--- 1.15 1.5 19.2 57 
SO epsegten 1.10 1.5 31.8 76 
Fredericton___........-.- 1.11 1.6 26.6 77 
Ser 1.14 1.6 23.3 70 
DP. ccoarameesanee 1.09 1.6 16.3 45 
NING nbc din nnacscosa 1.13 1.6 13.7 40 
Raga Re 1.08 1.6 26.9 87 
ee eee 1.11 1.6 15.0 40 
St. John’s, Nfid__._._.-- 1.01 1.4 24.8 89 
eae 1.11 1.6 18.1 42 
Sault Ste. Marie_____.--- 1.11 1.5 30.6 79 
NR ca cance cdbeaes 1.16 1.5 10.0 38 
Vancouver.............- 1.17 1.5 19.1 90 
DE a bcsnctnanae 1.12 1.6 9.5 29 
Rd a oc cccdnnncd 1.10 1.4 17.5 47 
DO iti: nc diihand 1.12 1.5 20.1 61 
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Figure 3. Canadian milk sampling stations 
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2. Pan American Milk Sampling Program 
December 1965 


Pan American Health Organization, and 
Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 

Under a joint agreement between both 
agencies, air and milk sampling activities are 
conducted by a number of PAHO member 
countries (figure 4). Results of the milk sam- 
pling program are presented below. Further 
information on the sampling and analytical 
procedures employed was presented in the 
December 1965 issue of Radiological Health 
Data (3). 
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Figure 4. Pan American Milk Network 
sampling locations 
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Table 5 presents stable calcium and potas- 
sium, strontium-90, strontium-—89, and cesium— 
137 monthly average concentrations. The 
monthly average iodine-131 and barium-—140 
concentrations in milk were less than 10 
pCi/liter. 


Table 5. Stable elements and radionuclide concentrations 
in PAHO milk, December 1965 

















Stron- Stron- | Cesium- 
Sampling Station | Calcium |Potassium) tium-89 | tium-90 137 
(g/liter) | (g/liter) | (pCi/ (pCi/ (pCi/ 
liter) liter) liter) 
Canal Zone: 
Cristobal __ _- --- 1.13 1.4 <5 5 30 
Jamaica: 
Kingston _- __-_- NS NS NS NS NS 
Mandeville_____- NS NS NS NS NS 
Montego Bay - _. 1.22 1.32 <5 13 385 
Puerto Rico: 
San Juan_-_-.--- 1.11 | 1.5 <5 9 25 
Venezuela: 
Caracas_-__-_-...- NS NS NS NS NS 














NS, no sample collected. 
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STATE MILK SURVEILLANCE ACTIVITIES 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States have 
progressed to the level of comprehensive en- 
vironmental surveillance programs and self- 
sustaining radiological health laboratories. 

The continuing efforts of State health depart- 
ments in the analysis and monitoring of radio- 
nuclides in milk complement Federal milk 


State milk network 





Period reported 


surveillance activities. State milk surveillance 
activities are continually undergoing develop- 
mental changes at this time. The results pre- 
sented herein while not inclusive, are repre- 
sentative of current surveillance activities 
directed at the use of milk as an indicator of 
dietary intake of radioactivity. 

In addition to the networks presented herein, 
other State networks previously covered in 
Radiological Health Data and Reports include: 


Last presented 














California July-September 1965 March 1966 
Colorado October-December 1964 

and Summary 1962-1964 April 1965 
Connecticut April—September 1965 February 1966 
Indiana July-September 1965 February 1966 
Michigan July-September 1965 February 1966 
Minnesota January—June 1965 January 1966 
New York April—June 1965 January 1966 
Oregon July-September 1965 March 1966 
Pennsylvania July-September 1965 February 1966 
Washington July-September 1965 March 1966 

ALABAMA 4 \Y} 


1. Florida Milk Network 
July-December 1965 


Division of Radiological and 
Occupational Health 
Florida State Board of Health 


The Florida State Board of Health began 
sampling raw milk for iodine-131 analysis in 
two major areas of the State in November 1962. 
The program has since been expanded to in- 
clude the analysis of milk for strontium-89, 
strontium-90, and cesium-137. Raw milk 
samples are received from the six areas shown 
in figure 1. Samples for iodine-131 analysis are 
taken from a tank truck, whose route passes by 
farms widely dispersed over the area repre- 
sented. Where there is no route representative 
of a large portion of an area, samples collected 


April 1966 














Figure 1. Florida milk sampling areas 








from selected farms are combined. When io- 
dine-131 was detectable in milk, samples were 
collected weekly. In the interest of maintaining 
an active standby capability, samples are now 
collected monthly for iodine analysis. A re- 
gional State Board of Health laboratory is 
located in each of the six areas referred to in 
this report. Each laboratory prepares a 
monthly composite milk sample for its region 
by combining samples from 10 percent of the 
dairy farms selected at random. These com- 
posite samples are then sent to the State Radio- 
logical Health Laboratory in Orlando for 
analysis. Milk produced in the counties com- 
prising each area is generally processed, 
marketed, and consumed in that area. These 
areas are characterized by differences in dairy- 
ing practices related to the gradual transition 
from small farms in the west Florida region, 
where locally grown feeds are used, to larger 
farms in the southern areas, where different 
types of grass and predominantly purchased 
feeds are used. 

Strontium-89 and strontium-90 are deter- 
mined by the ion exchange method developed by 
Porter et al. (1). Iodine-131 and cesium-137 
are determined by gamma-scintillation spectro- 
metry (2). 

Radionuclide concentration levels for July 
through December 1965 are presented in tables 
1 and 2. During this period, strontium—89 
determinations were not performed, because of 


extremely low levels; and iodine-131 concen- 
trations were below detectable levels. 


Table 1. Strontium-90 in Florida raw milk 


July-December 1965 





Concentration (pCi/liter) 





Quarter | Analysis 

West | North | North- |Central| Tampa! South- 
Florida | Florida| east | Florida; Bay east 
lorida area | Florida 


Third * 1 34.1 20.6 12.7 7.2 11.6 11.0 




















2 37.3 23.5 13.5 6.8 11.6 10.5 
Average.| 35.7 22.1 13.1 7.0 11.6 10.8 
Fourth > _ 22.6 27.4 12.7 10.1 11.0 10.7 














* Duplicate analyses performed. 
b Duplicate analysis was not possible due to insufficient sample volume 


Table 2. Cesium-137 in Florida raw milk 
July-December 1965 





Concentration (pCi/liter) 















































Month | 
West | North | North- |Central| Tampa! South- | Aver- 
Florida | Florida} east | Florida; Bay east age 
Florida area | Florida 

a 82 66 162 142 193 * 161 137 
August...... 100 142 274 > 168 211 175 178 
September -. - 109 677 188 204 226 161 148 
October ...| > 86 | 93| 201| 260| 238| 136| 168 
November. . - 31 66 139 NA 151 120 109 
December---| NA| NA| NA| NA| 128 73 — 
Average... | =80| *90 | #193 | #175 | 191] 144 am 








*® Average calculated on the basis of incomplete data. 
by Result represents average of two results from split samples, as part 
quality omnes duplication. 

A, no analysis. 





2. Oklahoma Milk Network 
August-December 1965 


Oklahoma State Department of Health? 


On March 15, 1965, the Radiological Health 
Section of the Oklahoma State Department of 
Health initiated a program of analysis for 
iodine-131 in milk produced in the State of 
Oklahoua. 

The location of the sampling stations and the 
extent of their associated milksheds are shown 
in figure 2. Of the ten milksheds in the State 

1 Acknowledgement is accorded to the staff of the 
Radiological Health Section under the direction of Mr. 


Dale McHard, head, and Mr. Robert Craig, assistant 
engineer. 
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of Oklahoma, five were chosen as sampling 
stations (Oklahoma City, Enid, Tulsa, Lawton, 
and Ardmore) on the basis of size and 
location. A major criterion in the selection of 
a milkshed for sampling was the degree of over- 
lap with other milksheds being sampled. This 
overlap assists in locating small areas of pro- 
duction where the iodine-131 concentrations 
might be abnormally high. 

The sampling stations are located in the 
laboratory of a major milk processing plant in 
each milkshed. While the milkshed for that 
particular processing plant may not coincide 
exactly with that shown in figure 2, the coinci- 
dence is satisfactory for surveillance purposes. 

At the present time, samples are collected 
each Monday morning and the analyses are 
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Figure 2. Oklahoma milkshed sampling areas 


completed by Wednesday afternoon. However, 
if iodine-131 levels detected are such that di- 
version of the milk or other precautionary 
methods need to be taken, the analytical method 
and equipment can be employed to sample each 
truck arriving at the processing plant. Under 
these conditions, only about 4 hours would be 
needed to complete the analysis. This greatly 
reduced lag time for analysis would permit 
rapid decisions on the fate of each truckload 
of raw milk. 


The ion exchange method of analysis used is 
similar to that recently published by the Public 
Health Service (3), but was developed inde- 
pendently by the Oklahoma State Health De- 
partment’s Radiological Health Laboratory and 
has not been published to date. A description 
of the analytical procedures was presented in 
Radiological Health Data (4). 


For the convenience of the reader, the sam- 
pling dates at the individual network stations 
are presented in table 3. During the 5-month 


period only one sample—that for Tulsa on 
October 25—showed iodine-131 activity above 
detectable limits. 


Table 3. Concentration of iodine-131 in Oklahoma 
milk, August-December 1965 




















Previous coverage in Radiological Health Data and 


Reports: 


Period 
March—July 1965 


April 1966 


Concentrations (pCi/liter) 
Date, 1965 | | | | 
Oklahoma Enid | Tulsa Lawton | Ardmore 
City | 
August 2 <1 <1 <i <1 <i 
9 <1 <1 <1 <i <i 
16 <1 NS <1 <i NS 
23 <il <1 <1 <i <1 
30 <i <1 <i <1 <1 
September 6 <1 NS <1 NS <1 
13 <1 <1 <1 <1 <1 
20 <1 <i <1 <i <1 
27 <i <1 <i <1 
October 4 NS NS <i <i <1 
ll <1 <1 <1 <i <1 
18 <1 NS <1 <i <1 
25 | <il NS 3.4 <l <1 
November 1 <i <1 <1 <1 <1 
8 <1 NS <1 <1 NS 
15 <1 <1 a3 <1 <1 
22 <i <1 NS NS <i 
29 <i <1 NS NS NS 
December 6 <i NS <i <i <i 
13 NS <1 <i <1 <1 
20 <1 NS <1 <1 <1 
27 <1 <1 <1 | NS <1 
<1, below detection limit of 0.9 pCi/liter. 
NS, no sample collected. 
Issue 
October 1965 
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3. Texas Milk Network 
April-December 1965 


Table 4. Radionuclide concentrations in Texas milk 
network, April-December 1965 









































SS UF A 


Concentration, pCi/liter 
Texas State Department of Health? Re tionuclide 
0 ’ 
~ 1965 Austin | Dallas |E] Paso} Har- | Hous- | Lub- |Average 
The Texas State Department of Health —_ sini: ene thane 
initiated a statewide milk sampling network potassium-a0 
for radionuclide content in April 1964. At May... 1500 | NB | Line | ieee | aiaee | itaep | 2°88 
present, monthly samples of raw milk are col- wa. -.--- sated Uniecnel Ueameadl tncooodh taneatcedl tekanedl Winctened 
lected from each of six “active” sampling gaa 1/310 1'310 | 1110 | 11200 | 1390 | 11380 | 15200 
points. In addition, six “standby” stations have moammeenets Uacanedl Wiieeedl lntimeel thaccd Ianaedl Hanada Wicoeee 
® © ° . October _- NS | 1,330 | 1,260 | 1,2 1,325 | 1,320 ol 
been supplied sample containers and shipping = Xovember_| 1,30 | 1/240 | 11400 | 11330 | 11200 | 11340 | 1390 
instructions and can be activated immediately occmmner.| 3,009 | HS | 1,208 | 1,508 | 1,590 | 1,000) 1,500 
if needed. The “active” and “standby” station  ““yotpm™| 4] xg 3 4 12 8 7 
locations, shown in figure 3, were chosen to ss Se H +? ee: . : 
give maximum geographical and population ate x 19 5 5 8 6 8 
Ay iain NA 5 3 5 9 5 5 
coverage. September| 5| NBS 9 5 7 9 7 
Table 4 presents the April through December October_..| NS 7 4 4 WW 5 6 
1965 radionuclide concentrations in Texas milk. ————-| < | a ; 71 wif : 
During this time, strontium—89, iodine-131, and Cesium-137 
barium-140 concentrations were below detecta- Mayccc| 30] Ns} i0| 20| 60| 6 27 
ble levels. Strontium-90 and cesium-137 con- scien: sit, Hed Bled Che? Biel Bilin - 
° . eee ell 30 2 15 40 20 3 
centrations are shown graphically in figure 4 to ee ee a io ie io +f 
indicate general trends Neca, ae, aed Tet Weed eaieed Hee i 
—_——— oot 'S] Bl Bl ft] gl Bl iE 
2 Acknowledgement is accorded to the staff of the December | 20| NS 10 10 25 15 16 
Radiation Control Program, ~~ = en bey. AL oe hes 
Health and Radiation Control, under the direction o NS edieeted. 
Mr. Martin C. Wukasch, chief engineer. eh. ue entigein. " 
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Figure 3. Texas milk sampling stations 
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Figure 4. Radionuclide concentrations in Texas milk 
1964—December 1965 


Samples are routinely analyzed for stronti- 
um-—89 and strontium—90 by a chemical separa- 
tion technique employing ion exchange columns 
(5). 

Potassium—40, iodine-131, cesium-137, and 
barium-140 concentrations are determined by 
gamma-scintillation spectrometry. Details of 
the analytical procedures were presented 
earlier (6). 


Previous coverage in Radiological Health Data: 


Period Issue 


1964 Summary June 1965 
October 1965 


January-March 1965 


REFERENCES 


(1) PORTER, C., D. CAHILL, R. SCHNEIDER, P. 
ROBBINS, W. PERRY, and B. KAHN. Improved 


FOOD AND DIET SURVEILLANCE 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuous 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 

Networks presently in routine operation and 
reported periodically include: (1) the Public 
Health Service’s Institutional Total Diet Sam- 
pling Network, (2) the Atomic Energy Com- 


Program 


Period reported 


determination of strontium-90 in milk by an ion- 
exchange method. Anal Chem 33:1306 (September 
1961). 


(2) DIVISION OF RADIOLOGICAL AND OCCU- 
PATIONAL HEALTH, FLORIDA STATE BOARD 
OF HEALTH. Florida milk network, July-December 


—_ “a Health Data 6: 611- 612 (Novem- 
Tr 


(3) PORTER, C. R., et al. Field method for rapid 
collection of iodine-131 from milk. Public Health 
Rep :453-456 (May 1965). 


(4) OKLAHOMA STATE DEPARTMENT OF 
HEALTH. Oklahoma Milk Network, March—July 
1965. Rad Health Data 6:540-541 (October 1965). 


(5) PORTER, C., and B. KAHN. Improved determin- 
ation of strontium-90 in milk by an ion exchange 
method. Anal Chem 36:676-678 (March 1964). 


(6) TEXAS STATE DEPARTMENT OF HEALTH. 
Texas milk network, January-March 1965. Rad 
Health Data 6:541-542 (October 1965). 


ACTIVITIES 


mission’s Tri-City Diet Study, (3) the Food 
and Drug Administration’s Teenage Diet Study, 
(4) the State of California’s Diet Study, and 
(5) the State of Connecticut’s Standard Diet 
Study. While not based on probability sam- 
pling, these networks provide data useful for 
developing estimates of nationwide dietary in- 
takes of radionuclides. Most recent coverage of 
programs reported in Radiological Health Data 
and Reports is listed below: 


Last presented 





Institutional Total Diet 
Tri-City Diet 

Teenage Diet 

California Diet 
Connecticut Standard Diet 


April 1966 


April—June 1965 

May-July 1965 
February—November 1964 
January-April 1965 

March 1963—December 1964 





February 1966 
March 1966 
July 1965 
March 1966 
July 1965 
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Section II. Water 


The Public Health Service, the Federal 
Water Pollution Control Administration, and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and/or treated 
(drinking) water. Most of these programs 
include determinations of gross alpha and 
gross beta radioactivity and/or specific radio- 
nuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health 
importance of radioactivity levels in water can 
be obtained by comparison of the values secured 
with the Public Health Service Drinking Water 


Standards (1). These Standards, based on 
consideration of Federal Radiation Council 
(FRC) recommendations (2-4), set the limits 
for radium—226 and strontium-90 as 3 pCi/ 
liter and 10 pCi/liter, respectively. 

Limits may be higher if total intake of 
radioactivity from all sources indicates that 
such intakes are within the limits recommended 
by FRC for control action. In the known ab- 
sence’ of strontium—90 and alpha emitters, the 
limit is 1,000 pCi/liter gross beta activity. 
Surveillance data from a number of Federal 
and State programs are published periodically 
to show current and long-range trends. 


Water programs previously reported in Radiological Health Data and Reports are listed below: 


Program 


Period reported Last presented 








= Mere 


Radiostrontium in Tap Water, HASL January—June 1965 December 1965 


Colorado River Basin Sampling Network 1962-1964 November 1965 
Coast Guard Water Sampling Program 1964 November 1965 
Drinking Water Analysis Program 1962 October 1965 
California Water Sampling Program January—June 1965 March 1966 
Florida Water Sampling Program 1964 November 1965 
Kentucky Water Sampling Program May 1963-—June 1964 March 1965 


Minnesota Surface Water Sampling Program 
New York Surface Water Sampling Program 
North Carolina Water Sampling Program 
Lower Columbia River Radiological Survey 

in Oregon 
Washington Surface Water Sampling Program 


January—June 1965 
January—June 1965 
1964 


February 1966 
January 1966 
November 1965 


August 1963-July 1964 
July 1963-—June 1964 


October 1965 
February 1965 


REFERENCES Documents, U.S. Government Printing Office, Wash- 





(1) U.S. PUBLIC HEALTH SERVICE. Drinking 
water standards, Revised 1962. PHS Publication No. 
956. Superintendent of Documents, U.S. Government 
ua Office, Washington, D.C. 20402 (March 

(2) FEDERAL RADIATION COUNCIL. Radiation 
protection guidance for Federal Agencies. Memor- 
andum for the President, September 1961. Reprint 
from the Federal Register of September 26, 1961. 

(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protec- 


tion standards, Report No. 1. Superintendent of 
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ington, D.C. 20402 (May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protec- 
tion Standards, Report No. 2. Superintendent ‘of 
Documents, U.S. Government Printing Office, Wash- 
ington, D.C. 20402 (September 1961). 


1 Absence is taken to mean a negligibly small frac- 
tion of the specific limits of 3 pCi/liter and 10 pCi/ 
liter for unidentified alpha emitters and strontium-90, 
respectively. 
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GROSS RADIOACTIVITY IN SURFACE WATERS 
OF THE UNITED STATES, OCTOBER 1965 


Basic Data Program, Federal Water Pollution Control Administration 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as a part of the Public Health Service 
Water Pollution Surveillance System. Responsi- 
bility for this activity was transferred to the 
Federal Water Pollution Control Administra- 
tion on December 31, 1965. Table 1 presents 
the current preliminary results of the alpha 
and beta analysis. The radioactivity associated 
with dissolved solids provides a rough indica- 
tion of the levels which would occur in treated 
water, since nearly all suspended matter is 
removed by treatment processes. Strontium—90 
resuits are reported quarterly. The stations on 
each river are arranged in the table according 
to their distance from the headwaters. Figure 
1 indicates the average total beta activity in 
suspended-plus-dissolved solids in raw water 


collected at each geographical station. A de- 
scription of the sampling and analytic proce- 
dures was published in the December 1965 
Radiological Health Data. 

Complete data and exact sampling locations 
are published in annual compilations (1-6) or 
are available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data and for comment on 
the data, if needed. These arbitrary levels re- 
flect no public health significance, as the Public 
Health Service drinking water standards have 
already provided the basis for this assessment. 
Changes toward or from these arbitrary levels 
are also noted in terms of changes in radio- 








North Dokota 
@ 36 
































Figure 1. Sampling locations and associated total beta activity 
(pCi/liter) in surface waters, October 1965 


April 1966 
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activity per unit weight of solids. No discussion 
of gross radioactivity per gram of dissolved or 
suspended solids for all stations of the Water 
Pollution Surveillance System will be at- 
tempted at this time. Comments are made only 
on monthly average values. Occasional high 
values from single weekly samples may be 
absorbed into a relatively low average. When 
these values are significantly high, comment 
will be made. 

During September and October 1965, the 
following stations showed alpha activity in 
excess of 15 pCi/liter or beta activity in excess 
of 150 pCi/liter in either the dissolved or the 
suspended solids: South Platte River, Julesburg, 
Colorado; North Platte River, Henry, Ne- 
braska; Arkansas River, Coolidge, Kansas; 
Rio Grande, Laredo, Texas; Columbia River, 
Pasco, Washington; and San Juan River, Ship- 
rock, New Mexico. 

The Platte River of Plattsmouth decreased 





in both alpha and beta activities on suspended 
solids but increased in alpha activity on dis- 
solved solids from September to October. 

The following stations showed a decline in 
alpha activity on suspended solids to values of 
less than 15 pCi/liter: Atchafalaya River, 
Morgan City, Louisiana; Arkansas River, 
Ponca City, Oklahoma; and Kansas River, 
DeSoto, Kansas. 
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Table 1. Radioactivity in raw surface waters, October 1965 (average concentrations in pCi/liter) 
Averag? b*ta activity Average alpha activity Average b>ta activity | Average alpha activity 
(pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Station Station 
Sus- Dis- | Total | Sus- Dis- | Total Sus- Dis- | Total Sus- Dis- | Total 
pended | solved pended | solved pended) solve pended | solved 
Animas River: E. St. Louis, Ill___-- 6 13 19 1 2 3 
Cedar Hill, N. Mex-- 4 7 ll 1 2 3 New Roads, La--_--_- 19 27 6 1 7 
Arkansas River: New Orleans, La--- 12 10 22 3 1 4 
Coolidge, Kans --_--- 11 39 50 3 23 26 || Missouri River: 
Ponca City, Okla_--- 11 23 34 2 4 6 Williston, N. Dak-- 3 33 36 0 6 6 
Atchafalaya River: Bismarck, N. Dak... 4 16 20 <i 3 3 
Morgan City, La__.- 8 14 22 3 1 4 St. Joseph, __ 27 23 50 8 4 12 
Bear River: North Platte River: 
Preston, Idaho-----.- 21 20 41 3 2 5 Henry, Nebr._.----- 3 40 43 0 30 30 
— River: Ohio River: 
ardin, Mont-....--- 6 13 19 1 6 7 Toronto, Ohio__-.--- 2 13 15 0 0 0 
Chena River: _  S See 1 8 9 0 0 
Fairbanks, Alaska - -- 1 3 4 0 <1 <1 || Pend Oreille River: 
Clearwater River: Albeni Falls Dam, 4 
Lewiston, Idaho... -_- 2 3 5 <i 0 <i eh TT <1 5 5 0 <1 <i 
Clinch River: Platte River: 
Clinton, Tenn-__--.-- 1 5 0 0 0 Plattsmouth, Nebr-_.- 1l 51 62 3 15 18 
Kingston, Tenn- - --- 2 13 15 0 0 0 || Potomac River: 
Colorado River: Washington, D.C___- 1 1l 12 0 1 1 
Loma, Colo......... 2 12 14 1 6 7 || Rainy River: 
Pees, Aris..........- <i 15 15 0 3 3 Baudette, Minn -...- 3 16 19 <1 <1 <1 
= Dam, Calif- Red River, North: 
iitiphenbene 2 12 14 0 5 5 — Forks, N. 
Columbia ES ke eee te a ee flea 2 34 36 0 3 3 
Wenatchee, Wash ---- 1 6 0 0 0 || Red River, South: 
Pasco, Wash.......- 61 291 352 0 <1 <1 Alexandria, La_-_--.-- 10 12 22 2 1 3 
Clatskanie, Ore____.- 7 71 78 0 <i <1 a“ Long 
Connecticut River: “— aaa 21 22 0 2 2 
Enfield Dam, Conn-- 2 7 9 0 0 0 rg as 102 122 25 5 30 
Coosa River: San Joaquin River: 
ee 1 4 5 <1 0 <1 Vernalis, Calif___...- 4 5 9 1 1 2 
Cumberland River: San Juan River: 
Cheatham Lock, Shiprock, N. Mex---- 95 11 106 26 3 29 
Saree 1 5 6 0 0 0 || Savannah River: 
Delaware River: Port Wentworth, Ga- 3 13 16 <1 0 <i 
Philadelphia, Pa_-_-- 2 6 8 0 0 0 || Snake River: 
reat Lakes: Payette, Idaho_-___-_- 2 12 14 0 6 6 
= — ire sed al 0 3 3 0 0 0 Wawawai, Wash-____- 1 12 13 0 2 2 
n Rive South Platte River: 
‘Dutch John, Utah... <i 22 22 0 3 3 Julesburg, Colo------ 32 89 121 10 66 76 
Hudson River: Susquehanna River: 
Poughkeepsie, N.Y-.- 1 8 9 0 0 0 Conowingo, Md-.--- 0 6 6 0 0 
Illinois River: Tennessee River: 
c 3 10 13 1 3 4 Chattanooga, Tenn-- 1 5 6 0 0 
ansas River: Wabash River: 
De Soto, Kans-_-_.-.-. 28 20 48 7 3 10 New Harmony, Ind-_- 2 11 13 1 1 2 
Klamath River: Yellowstone River: 
DLR ckccessae 1 8 9 0 0 0 Sidney, Mont_...... 6 10 16 1 3 4 
Maumee River: 
Toledo, Ohio......-- 3 12 15 1 1 2 || Maximum...........-. 102 291 352 26 66 76 
Mississippi River: 
St. Paul, Minn... 2 23 25 0 1 Oe PR Codcccucnce 0 3 3 0 0 0 
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Section III. Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product activity. To date, this surveil- 
lance has been confined chiefly to gross beta 
analysis. Although such data are insufficient 
to assess total human radiation exposure from 
fallout, they can be used for determining when 
to modify monitoring in other phases of the 
environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 


Program 


Period reported 


trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson (1) 
in 1962. In addition to the programs presented 
in this issue, the results of other air and deposi- 
tion programs have been previously covered in 
Radiological Health Data and Reports: 


Last presented 





HASL Fallout Network 
Mexican Air Monitoring 


1. Radiation Surveillance Network 
December 1965 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) which regularly 
gathers samples from 74 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment. personnel. 

Daily samples of airborne particulates and 
precipitation are forwarded to the Radiation 
Surveillance Network laboratory in Rockville, 
Maryland, for laboratory analysis. The alerting 
function of the network is provided by routine 


April 1966 


April—December 1964 
November 1965 





September 1965 
March 1966 


field estimates of the gross beta activity made 
by the station operators prior to submission of 
the samples. When high air levels are reported, 
appropriate officials are promptly notified. 
Compilation of field estimates and laboratory 
confirmations are reported elsewhere on a 
monthly basis (2). A detailed description of 
the sampling and analysis procedures was pre- 
sented in the December 1965 issue of Radio- 
logical Health Data. 

Table 1 presents the monthly average gross 
beta activity in surface air and deposition by 
precipitation during December 1965. Time 
profiles of gross beta in air dating back to 1958 
for eight RSN stations are shown in figure 2. 
Gamma spectroscopy analysis was performed 
on 302 air samples. No traces of fresh fission 
products were identified in these samples. 
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Figure 1. Radiation Surveillance Network sampling stations 


2. Canadian Air and Precipitation 
Monitoring Program 
December 1965 ' 


Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 


1 Prepared from information and data in the January 
1966 monthly report “Data from Radiation Protec- 
tion Programs,” Canadian Department of National 
Health and Welfare, Ottawa, Canada. 
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Study Program. Twenty-four collection sta- 
tions are located at airports (see figure 3), 
where the sampling equipment is operated by 
personnel from the Meteorological Services 
Branch of the Department of Transport. De- 
tailed discussions of the sampling procedures, 
methods of analysis, and interpretation of re- 
sults of the radioactive fallout program are 
contained in reports of the Department of 
National Health and Welfare (3-7). 

A summary of the sampling procedures and 
methods of analysis was presented in the De- 
cember 1965 issue of Radiological Health Data. 

Surface air and precipitation data for De- 
cember 1965 are presented in table 2. Specific 
radionuclide data are presented in table 3. 
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Table 1. Gross beta activity in surface air and precipitation, December 1965 
Air surveillance Precipitation 
Station location Number of Gross beta activity, pCi/m* Last Total | Total 
samples profile depth | deposition 
in RHD (mm) | (nCi/m*)* 
Air | Pptn | Maximum Minimum Average * &R 
Ala: PE. oon cin ccaeeebshsedgononqannd 30 5 0.13 <0.10 <0.10 | Feb 66 118 <24 
AR, entmlnnn dd apeckadnesessdinteadnae 29 0.12 <0.10 <0.10 | Sep 65 (>) 
Ee RIE Sn er ne 22 <0.10 <0.10 <0.10 | Mar 66 (>) 
POS SU” EES a 4 <0.10 <0.10 <0.10 | Oct 65 (>) 
SS SES ee 18 5 <0.10 <0.10 <0.10 | Apr 66 18 <4 
SE 2 Len nndbicthia veces ae ameas 22 17 <0.10 <0.10 <0.10 | Jul 65 200 <40 
DNS - 5. nd dude whodeenseebesnegetanaoml 6 0.12 <0.10 <0.11 | Aug 65 (>) 
ae See a Se ae 14 <0.10 <0.10 <0.10 | Dec 65 (>) 
/ 5” GR eSEt mens aaa 27 <0.10 <0.10 <0.10 | Nov 65 (b) 
3 .  « ees 13 <0.10 <0.10 <0.10 | Jan 66 (>) 
Ariz: a,c ewipnniepdientigiaete unin onl 30 0.19 <0.10 <0.11 | Jul 65 (>) 
Ark: Little Rock 25 4 0.12 <0.10 <0.10 | Mar 66 41 <8 
Calif: Berkeley 23 5 0.18 <0.10 <0.11 | Aug 65 85 <17 
Los Angeles 22 8 0.18 <0.10 <0.11 | Dec 65 144 <29 
C.Z: aie a, SRS «eat 17 <0.10 <0.10 <0.10 | Aug 65 (>) 
| Colo Ses Bock clih eaten ied 28 2 0.18 <0.10 <0.11 | Aug 65 4 <1 
Conn: Hartford 31 6 <0.10 <0.10 <0.10 | Apr 66 42 <8 
Del: Se aE DN SEO aE 20 <0.10 <0.10 <0.10 | Feb 66 (>) 
D.C: CL. ci. dudcsdetinesetaeggsetdenngaete 31 2 <0.10 <0.10 <0.10 | Nov 65 11 <2 
Fla: OS RRS ia 28 6 0.11 <0.10 <0.10 | Mar 66 108 <22 
eee 30 2 0.15 <0.10 <0.10 | Apr 66 15 <3 
Ga: ate ee Rn ie ee ae (°) 3 Jan 66 23 <5 
BO og ae eee tin 31 <0.10 <0.10 <0.10 | Feb 66 (>) 
NE aaa 30 7 <0.10 <0.10 <0.10 | Oct 65 133 <27 
Biel ene 30 1 0.25 <0.10 <0.11 | Oct 65 
Ill: a ae 30 0.14 <0.10 <0.11 | Nov 65 (>) 
Ind: | a SSE eer 27 6 0.13 <0.10 <0.10 | Jan 66 46 i) 
Iowa: DT... cc cienbocabagecesaeeaaeenhe 28 4 <0.10 <0.10 <0.10 | Aug 65 66 <13 
Kans: ea a RR SIS see 31 4 <0.10 <0.10 <0.10 | Mar 66 44 <9 
Ky: a a ee 28 5 0.17 <0.10 <0.11 | Nov 65 14 3 
La: | IR ES RI la alte CA ps 28 1l <0.10 <0.10 <0.10 | Nov 65 189 <38 
NE i a eleinhienm moe 31 6 <0.10 <0.10 <0.10 | Dec 65 54 <1l1 
SL REST SEE SETS 23 <0.10 <0.10 <0.10 | Aug 65 (>) 
Md: CS ERR TS LTS TS BE 21 2 0.13 <0.10 <0.10 | Apr 66 20 <4 
RTA PII AIS FEE AE TEE 14 <0.10 <0.10 <0.10 | Oct 65 (>) 
Mass: RI SRE EE SH Sa RIOR he BR: 30 4 0.12 <0.10 <0.10 | Feb 66 29 <6 
; ER ER CLT TEE EE 31 3 <0.10 <0.10 <0.10 | Sep 65 29 <6 
} SS eee eae. eee 31 0.11 <0.10 <0.10 | Oct 65 () 
: Minn: PN os ccanackinshatannsocusscwkbee 23 5 <0.10 <0.10 <0.10 | Feb 66 30 <6 
Miss: Jackson--.....- 29 4 <0.10 <0.10 <0.10 | Dec 65 68 <14 
Mo: Jefferson City 29 8 <0.10 <0.10 <0.10 | Jan 58 <12 
Mont: ET ON Ee et ee en oe eee 31 3 0.14 <0.10 <0.10 | Sep 65 4 <1 
Nebr: |, ign abe pak Die ee Aa REE 18 <0.10 <0.10 <0.10 | Jan 66 (>) 
| Nev: Pe eee eee ee 26 0.19 <0.10 <0.11 | Apr 66 (>) | 
4 N.H: gilt aR AR MeL Re SE SS 12 <0.10 <0.10 <0.10 | Nov 65 | 
4 N.J: ng oo nw cc deemiines 31 3 0.11 <0.10 <0.10 | Dec 65 12 | <2 
OEE SE ee ee So eee 27 9 <0.10 <0.10 <0.10 | Sep 65 34 <7 
N.Y: SE cciactidipdadowich lwteotungcpuinnata tien 21 4 <0.10 <0.10 <0.10 | Jan 66 17 <3 
aS eae A BRE. 31 <0.10 <0.10 <0.10 | Aug 65 (>) 
i a ds iol 28 <0.10 <0.10 <0.10 | Sep 65 (>) 
N.C: i all a er ae ae one RICA ise a Pe 30 2 0.13 <0.10 <0.10 | Aug 65 10 <2 
EE a ee ae 29 2 <0.10 <0.10 <0.10 | Nov 65 6 <1 
Ohio: RLS AAS te AA IE Ba SE 13 <0.10 <0.10 <0.10 | Feb 66 (>) 
| INR TS a Oia 28 3 0.15 <0.10 <0.11 | Dec 65 15 <3 
iS Sa ARR AE IES Bee 30 6 0.13 <0.10 <0.10 | Apr 66 36 <7 
Okla: NN a ea aa 28 4 0.11 <0.10 <0.10 | Oct 65 63 <13 
ES 2. cn incvekishipedeiehe cuted 24 6 <0.10 <0.10 <0.10 | Apr 66 67 <14 
Ore: es A EER. bE See ie: 28 15 0.18 <0.10 <0.11 | Jan 66 88 <18 
| Pa: NS EER a Sees 29 2 <0.10 <0.10 <0.10 | Jan 66 21 4 
; P.R: eee | 5 <0.10 <0.10 <0.10 | Dee 65 157 <31 
R.1: Providence | 29 2 <0.10 <0.10 <0.10 | Oct 65 30 <6 
8.C: Columbia----.- 30 5 0.14 <0.10 <0.10 | Sep 65 15 <3 
A 31 1 <0.10 <0.10 <0.10 | Jul 65 6 <1 
ea I i ia ee eee 31| 4 <0.10 <0.10 <0.10 | Oct 65 24 <5 
Tex: pS SR aes ek eS 28 11 0.11 <0.10 <0.10 | Feb 66 140 <28 
iS ie a eee 31 10 | 0.14 <0.10 <0.10 | Nov 65 22 <5 
Utah: Salt Lake City 31 9 0.13 <0.10 <0.10 | Dec 65 42 <9 
Vt: “eae TEM heer 28 8 0.15 <0.10 <0.10 | Mar 66 37 <8 
f Va MMII occacacciavces coc. ,ctceeseuess 30 3 <0.10 <0.10 <0.10 | Mar 66 7 <2 
é 
Wash oe ee a 29 18 <0.10 <0.10 <0.10 | Mar 66 139 <28 
DE -.) sud digwhhesntneapuee meee 28 2 0.12 <0.10 <0.10 | Feb 66 & <2 
, ee Oe tart 27 | 4 <0.10 <0.10 <0.10 | Sep 65 7 <2 
Wis: at aloe 30 | 6 <0.10 <0.10 <0.10 | Mar 66 63 <13 
Wyo: STII inscicsmnmaniitiees init ad nm aniioesiinll 31 2 0.12 <0.10 <0.10 | Apr 66 5 <i 
SURSGIE MMMM... ..sa succor. nacec cchonrustwe 11,900 | 284 | 0.25 <0.10 <0.10 50 <10 
® The monthly average is calculated by weighting the individual samples with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the < values represent more than 10 percent of the average, a less-than sign is placed before the average. 
> Indicates no precipitation sample collected. ¢ Indicates no report received. 
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Figure 2. Monthly and yearly profiles of beta activity in air, 
Radiation Surveillance Network, 1959-December 1965 
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Figure 3. Canadian air and precipitation sampling stations 


Table 2. Canadian gross beta activity in surface air 


and precipitation, December 1965 


Table 3. Radionuclide deposition in Canadian fallout 


December 1965 * 
































| 
Air surveillance Precipitation 
measurements 
sis pcneasticisisitellcaclialtiduceainsdbiadibiaiigets einen 
j 
Station | Activity (pCi/m‘) lav anneal Total 
 , a ees ll | concen- | deposi- 
ber of re | | tration tion 
sam- | Maxi- | Mini- | Aver- | (pCi/ |(nCi/m?*) 
| ples mum mum | age | liter) | 
} | | 
eT, Fae ee aneee ener Sree nn ens 
| | | | 
Calgary......... | 31 | 0.2 | 0.0 | 4 67 0.5 
Coral Harbour...| 31 0.1 0.0 | 0.1 64 0.6 
Edmonton. - - - - - Cla © 0.0| 0.1 39 0.7 
Ft. Churchill - - --} 31 | 0.1 0.0 0.1 44 0.5 
} 
Ft. William.....| 31 0.1 0.0 0.1 25 | 1.3 
Fredericton_.-_. - a 0.1 0.0 0.1 13 0.9 
Goose Bay... --- 31 0.1 0.0 0.1 15 0.7 
| eee | 31 0.1 0.0 0.1 32 2.2 
ee tae 31 0.1 0.0 0.1 12 0.3 
Montreal.._..... 30 0.2 0.0 0.1 49 2.4 
Moosonee- -..-.- | 31 0.1 0.0 0.1 17 0.5 
Ottawa_.--_--7- | 31 0.2 0:0 0.1 26 2.0 
Sashes Ss 29 0.1 0.0 0.1 35 2.7 
egina__.._. | 31 0.1 0.0 0.1 31 0.7 
Resolute. ___.__. 0.1 0.0 0.1 NA NA 
St. John’s, Nfid 25 0.1 0.0 0.0 14 1.3 
Saskatoon... ..-- 31 0.1 0.0 0.0! NS NS 
Sault Ste. Marie 31 0.1 0.0 0.1 15 1.2 
Toronto_..._...- 31 0.2 0.0 0.1 NS NS 
Vancouver - _ -_-- 31 0.1 0.0 0.0 22 3.9 
Whitehorse-__--- 31 0.1 0.0| 0.0) 25 0.5 
findsor..---. 31 0.2 0.0! 0.1 27 3.2 
Winnipeg__.....- 30 0.1 0.0 0.1 | 37 1.4 
Yellowknife......| 31 0.1 0.0 | 0.1 | 46 0.4 
Network | 
summary -..-.- Rhye | 0.1 0.0 0.1 | 31 | 1.3 
| | 





NA, no analysis performed 
NS, no sample collected 
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Station | Strontium-90 Cesium-137 
|  (nCi/m?) (nCi/m?) 

Re, eS nT eS | | 0.02 0.07 
OE ER ae | 0.05 0.08 
EN SS EIR AEN AEs 0.03 0.09 
PO) Sk annskdddpe vp mnettindel 0.04 0.06 
SO SS Se 0.14 0.14 
Fredericton... iésduadlecameiien | 0.05 0.13 
Goose Bay. ......-.- WEI TLR | 0.10 0.10 
Pe Wilts ot inns nedueetsdaian mines 0.11 0.13 
Se an meee -| 0.00 0.03 
DE cc1ncsndhnedunstioveaeveenie 0.21 0.25 
Moosonee-.-.....- A RRs. 0.03 0.05 
GE. do ucdceuntiathithenbndcodun aie 0.15 0.20 
estes ee De i anh aid aieeiad 0.23 0.56 

Ee AE EE aA RRS 0.00 0.04 
CEL LES LE ES PS EE TS. 0.05 0.15 
MEE cadeéedagesbscdanne s 0.13 0.22 
EE ne ae a NS NS 
SY MR avciisernhstsanetsocal 0.13 0.14 
Toronto. OGG PETES NS NS 
Vancouver... __- ee | 0.43 0.67 
EGS ee 0.01 0.01 
WHER caso. a secss ig ‘nie 0.25 0.33 
., —__ eee wr 0.04 0.06 
oo <~ ** SietereaRanaperte pelea as 0.02 0.02 
Average... .- al <a woeccsee aa 0.10 | 0.16 


_ ® Strontium-89, zirconium-95, and barium-140 are not 
insignificantly low levels. 


NS, no sample collected 


is aatiall due to 
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3. Pan American Air Sampling Program 
December 1965 


Pan American Health Organization and 
Public Health Service 


Gross beta activity in air is monitored by 
countries in the Americas under the auspices 
of a collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Public Health Service (PHS) to assist 
PAHO-member countries in developing radio- 
logical health programs. The sampling equip- 
ment and analytical services are provided by 
the Division of Radiological Health, PHS, and 
are identical with these employed for the 
Radiation Surveillance Network. The air 
sampling stations are shown in figure 4. 

The December 1965 air monitoring results 


from the participating countries are given in 
table 4. 


Table 4. Gross beta activity in surface air and 
precipitation, PAHO, December 1965 





Gross beta activity, pCi/m* 


Num- 

Station location ok pe ES i eT a eee 

| samples | 
| | Maximum Minimum | Average * 

| | 
_— ow eH Cee (3 cay 
Argentina: Buenos Aires 19 <0.10 | <0.10 | <0.10 
Chili: Santiago_-_-_......--- 25 <0.10 | <0.10 <0.10 
Jamaica: Kingston a. 25 <0.10 <0.10 | <0.10 
Pera: LAg00. ........-. 6 | <0.10 | <0.10 | <0.10 
Venezuela: Caracas__-_-_-_- 20 0.12 <0.10 <0.10 
West Indies: Trinidad 6 | <0.10 <0.10 | <0.10 
Pan American summary ---- 101 0.12 <0.10 | <0.10 

| | 


! l 





* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If the < values represent more than 10 percent of 
the average, a less-than sign is placed before the average. 





A> soe 


SANTIAGO 








BUENOS AIRES | 


0 200 400 600 800 1000 
eMre seer ew we 


Scale in Miles 











Figure 4. Pan American Air Network sampling stations 
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4. National Air Sampling Network of 110 sampling stations which operate every 
October-December and Annual Summary, 1965 year and 130 stations which operate every 
other year. A description of the sampling net- 
Division of Air Pollution work was presented in the December 1965 issue 
Public Health Service of Radiological Health Data. Fourth quarter 
1965 gross beta activities in air are given in 
The necessity of having basic data on the table 5. Data for 1965 are summarized in table 
nature and extent of air pollution throughout 6. 
the United States led to the organization of the 
National Air Sampling Network (NASN) in Previous coverage in Radiological Health Data and 
1953. One of the many analyses performed on Reports: 


air samples collected through the NASN is for Period lesus 
gross beta radioactivity. NASN stations (fig- Annual Summary 1964 April 1965 

: January-March 1965 July 1965 
ure 5) are manned by cooperating Federal, April_dune 1965 October 1965 
State, and local agencies. The network consists July-September 1965 January 1966 
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Figure 5. National Air Sampling Network station locations 
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Table 5. Fission product gross beta activity in surface air NASN, fourth quarter 1965 


(Concentrations in pCi/m*) 
























































| | | 
Num- | | Num- 
Station name ber | Maxi- | Min‘- | Aver- | Station name ber Maxi- | Mini- | Aver- 
of | mum | mum | age || of mum | mum | age 
|samples| | samples 
ee Ee a a 
| | | 
Ala: Birmingham. -.........-.--- } 5 0.2 0.1 | 0.1 | N.J.—Continued 
EDS o.5 tna bbnarapesad } 6 0.2 0.1 0.1 |) eee eee | 6 0.1 0.1 0.1 
Montgomery --.--- dade --| 6 0.2 0.1 0.1 EERE S 25s 6 0.2 0.1 0.1 
Ariz: | Grand Canyon Park*___.____- 5| 0.2] 0.1 0.2 A, chchdnesnnpngassil | 7| 0.1] <0.1 0.1 
Paradise Valley_..........-.- 6 0.2 0.1 0.2 i i sah unsresuesandes 6 0.2) <0.1 0.1 
EE Gabisissevecunss | 6| 02] O1] 0.2 | ea a 5} O11] O.1 0.1 
Pans oilvk penweeeeddus 7 0.2 0.1 0.1 New Brunswick. ..........-- 4 0.1 0.1 0.1 
Ark: Little Rock............-.-.. 6; 0.2 0.1 0.2 LIL. < Apesatenaiodns 5 0.2 0.1 0.1 
Montgomery County*....._.. | 6| 0.2 0.1 0.1 (OS eae 5 0.2 0.1 0.1 
Calf:  Qlendele.................... 6} 0.2] O01] O1 ee 4) 0.2] O01] O41 
Humboldt County*.......- .| §| 0.1] <0.1 0.1) N.Mex: Albuquerque..............-- 6 0.2) <0.1 0.1 
Long Beach............- oa} 6) 0.1 0.1 | 0.1 Rio Arriba County*........-- 6 0.1 0.1 0.1 
Los Angelee..............-.- 6 0.2 0.1 | 0.1 | N.Y: Cape Vincent®.............-- 6 0.1 0.1 0.1 
eae 6; 0.3) <0.1 0.1 |) New York City.............. 6} 0.1} <0.1 0.1 
San Diego......... reseneel 6 0.1 0.1 | 0.1} N.C: Rie SSE, 6 0.2 0.1 0.1 
San Francisco...........----| 6 0.2) 0.1 0.1 |) Cape Hatteras*.............- 6 0.2 0.1 0.1 
Colo: ences anaes esol 6 0.2 0.1 | 0.1 || Ohio: Akron 6 0.2 0.1 0,1 
Montezuma County*......... 5} O11! <0.1} 0.1] th cosedcbubénsns 6} 0.2] O.1 0.2 
Conn: Hartford..._.....- 6} 0.1! <0.1 0.1 | SENG hc. 5tb0scai verdes 6] 0.2| <0.1 0.1 
dk | 6} 0.1 | 0.1 0.1 |) IL xesnckuknur suknns 6} 0.2] 0.1 0.1 
RS oi. Oe 0.1 0.1 | Ss ea a ae 6 0.2 0.1 0.1 
Ch ols ude pbkksseneeke | 6 0.1 0.1 0.1 Youngstown... .............- 6 0.2 0.1 0.1 
RE ROL OSS 6) 0.1 0.1; 0.1} Okla: Cherokee County*__._._._-.- 6 0.2 0.1 0.2 
Del: Kent County*.............-- | o>) Al @ 0.1 |) Oklahoma City............-- 6 0.2 0.1 0.2 
Nh occckat ube as’ | 6} 0.2] O11] O1 Diet N wibake sane sacws 6| 0.2] <0.1 0.1 
, EEE weed 5] 0.1 | 0.1] 0.1] Ore: Curry County*.............. 6 0.1) <0.1 <0.1 
D.C: .. . .  —eaeergenrgr oe; O2t O21 Ba See 6 0.2 | <0.1 0.1 
Ga: tei iecasennccenss | 6] O2| O11} O12] Medford ............-. 5| 0.1] <0.1 0.1 
fl Ee | 6} 0.1) <0.1) 0.1] Ee inet g diineoe une cece 5 0.2] <0.1 0.1 
Idaho: | es 6 | 0.2 0.1; 0.2] Pa: Allentown Ra i Re 6 0.1 0.1 0.1 
Butte County*._........... j 5| 0.2 0.1) O.1) Altoona see 5 0.1 0.1 0.1 
Ill | lilt leet | 6 02 <0.1| 0.1 tat RR 6} 0.2] 0.1 0.1 
OS OO aaa | 6 0.2; O.1; 0.1 RTE IE 6 0.1 0.1 0.1 
Joliet. - EE OT 6 | 0.1 | 0.1 | 0.1 | Embreeville ieee Ae “| 6 0.1 0.1 0.1 
Brent COAORGO. «2.22.2 20-- 02 H ei Oeil 9.3 | 0.2 || Clarion County*_.._.___...-- | 6 0.1 | <0.1 0.1 
Dn nite thd thineweccs 6| 0.2 re.21 6.3 Erie D cibhhutananant® i 5 0.1 | <0.1 0.1 
i as a 6; O02; O.2 | O29 EET Oe 6 0.2 0.1 0.1 
Ind: East Chicago 6 0.2!) <0.1 0.1 |} i , on..ddwhiwonsenas 6 0.2 0.1 0.1 
EC Aekennhedenss ss | 6| 0.2 | <0.1 0.1 SR rink ckiss wheneeien 4; 0.1 0.1 0.1 
Indianapolie_-.......-.-...- 6} 0.2 0.1 | 0.1] ttn cnkiinkesntues 5| 0.2] <0.1 0.1 
Parke Cownty®.............- | 6| 0.2 | <O.1; 0.1 | °F e 6; 0.2 0.1 0.1 
NE iia ne cu aware 4 Ow <O.1] 0.1] rt a 6 0.2 0.1 0.1 
Beverly Shores.............- 5} 0.2] O.1] O.1) Rages 6 0.2 0.1 0.1 
Dunes Police Post #1_.......- 5] 0.2] 0.1) 0.14 ... .weiksdebabasie 6 0.1 | <0.1 0.1 
Dunes State Park...........-. 6 0.1 | <0.1 0.1 || ED SHEN « «a n0essbatesss 5 0.1 | <0.1 0.1 
Ogden Dunes... ......... eos] 6 0.2) <O.1) 0.1) MEE Tie tonto oacnnbehedeh 6 0.1 0.1 0.1 
Sf eee 5] 90.1 | <0.1 | 0.1 || PLR: SERS Es. 6 0.1} <0.1 0.1 
Towa: Cedar Rapids............... 6 0.2 0.1) O.1) . _ SeReasene es 5 0.1) <O.1) <0.1 
Delaware County*........... } 6| 0.2) <0.1 0.1 | ISLET SH 6 0.1 | <0.1 0.1 
1 Oe | 6; 0.2] O11] O12] Rois vivesuecdiean 5} 0.1] <0.1 0.1 
Kans of CE PEE | S| O81. O32 0.1) RJ East Providence............. 6 0.1) <0.1 0.1 
DE. cs GigubdGeduesss o> 6 0.2); Oj} 0.1] TS TERRIER: 6 0.2 0.1 0.1 
Ky: I tis ost Beets | 5 0.2) 0.1 0.2 |) Washington County*®.___.___. 6 0.2 0.1 0.1 
RGSS 6 0.1 0.1 | 0.1 || 8.C RE gS SRI I 7 0.2 0.1 0.1 
La New Orleans................ | 6] o2!] O21} 0.1 a esc 5) 0.2] 0.1 0.1 
Shreveport...............--- 6| 0.2) <0.1 |) 0.1] Richland County*.......__.. 6} 0.2) 0.1 0.1 
Maine: Acadia Nat Park*___.._.____| 5 0.1 | 0.1 | 0.1} EEE 6 0.2 0.1 0.2 
Portland . aes 6 0.1) <0.1 0.1 | S.Dak: Black Hills Forest*__....._.- 6 0.2 0.1 0.1 
Md: iki env cab bax teste eo] 623] @.1 0.1 Sioux Falls..._.___- 6 0.2 0.1 0.1 
Calvert County*......._..._. | 6; 0.2 0.1 | 0.1) Tenn: SR, Oo... ce coe ens 6 0.2 0.1 0.2 
Mass: Brockton..................- 6} 0.1 | 0.1 0.1 || ES INET 6 0.1 | <0.1 0.1 
SND cas (bdse dscns ce | 4) 0.1] O11] O12} Se ENR eb 7} 0.3) 0.1 0.1 
Bk bits oc Ue ih vens cass 7| 0.2) 0.1 | 0.1 |) GSS es inary necesias 5| 0.2] <0.1 0.1 
Of eee | 56}; 0.2] <0.1 0.1 |) Tex: St inimetumpbcndhoatekie 6 0.3} <0.1 0.2 
it, Race oc chusswasnenee-a. | 6} 0.2| <0.1| 0.1] RRR iit 6| 0.2| <0.1 0.1 
ip hih dedertaneutwcowwt 6 0.1 0.1 0.1 | Matagorda County*.....____. | 6 0.1} <0.1 0.1 
EOS “SRR | 5| 0.1] <0.1 0.1 | San Anton‘o BERTON, Ap he 5 0.2 0.1 0.1 
Temten.........-.-.... 2} 6| 0.2] 0:1] O:1]) Utah: Salt Lake City..........227 6| 0.2| 0.1] 0.2 
Minn: SE cciinndunewannne | 6 0.2) <0.1 | 0.1) Vt: a TRE Re 6 0.1 <0.1 0.1 
ES | 6 0.2) <0.1 | 0.1 |) Orange County* _._____.___- 6 0.1 0.1 0.1 
PE cic cirebicahoccenb wel 5| 0.2] 0.1 | 0.1]| Va: Hampton AEs SOR 6] 0.2] 0.1 0.1 
Jackson County*. -_..._._.-- | 6; 0.1 | 0.1; O.1] Lynchbure ah. cechinept 5 0.2 0.1 0.1 
Mo: OS “eaeenegeegant 6) 0.2) 0.1 0.2 | Norfolk TE. BEERS 6} 0.1 0.1 0.1 
aise wniieancn anes 6| 0.2] O1| oO Shenandoah Nat Park*._____- 5| 0.1 0.1 0.1 
Shannon County*......_.._.- vi Ost Ol aaa Portsmouth _ _ ma al 6} 0.1} <0.1 0.1 
Mont: Glacier Nat Park*._......._. 6! 0.1 0.1; 0.1 SE SR Sas art | 6; 0.2 0.1 0.1 
(ean ee gana | 5] o2] O11} of RETR aN | 5] O12] o.1 0.1 
Nebr: ests chk mitre ee 6; 0.2] 0.1 0.1 || Wash: EP Ae ea : 5 0.1) <0.1 0.1 
Thomas County* - - .. 6; 0.2; 90.1 0.2) W. Va: Charleston ___. a 6 0.2 0.1 0.1 
Nev: Siena dkekwawkeiel 6 0.3; 0.1! 0.2 Weirton .. 5 0.1 0.1 0.1 
tlk d sled dane 5} 0.2 0.1 | 0.2 Wheeling 3 5 0.2 0.1 0.1 
White Pine County*.__.....- | 6; 0.1 0.1 0.1 | Wis: ee eee 6 0.2 | <0.1 0.1 
N.H: OS RE Ee ei Oct Os 0.1 |, DG icebowesnsdeeni'e 6 0.2 0.1 0.1 
Coos County®...............| 6; 0.2] <0.1} 0.1; ison bine cnavhtonete | 6 0.2} <0.1 0.1 
N.J: cts anratlinbieinaaeel | S) 03; O21 9.17 oa ivocnimneiaks 6| 0.2] <0.1 0.1 
Bridgeton. ichebnonsencel 6; 0.2; O.1 | 0.1] Wyo: Cheyenne epee es Fi | 6 0.2) <0.1 0.1 
Dvn iovisewaweecensoe 6| 0.2) <O.1} 0.1 Yellowstone Park*._._.......| 5| O11] 0.1 0.1 
A ndccthedeube eeeuels €| 0.2 0.1 | 0.1 \ | 
| 








* Denotes nonurban station. 
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Table 6. 


(Concentrations in pCi/m*) 


Fission product gross beta activity in surface air, NASN, annual summary 1965 





Ark: 
Calif: 


Colo: 


Conn: 


Del: 


D.C: 
Ga: 
Hawaii: 
Idaho: 


Ill: 


Ind: 


La: 
Maine: 
Md: 


Mass: 


Mich: 














Num- 
Station name ber 
of 
samples 
Birmingham. ---.........--- 24 
SE wtnsscacvakunsdced 26 
OE 25 
Grand Canyon Park*____.__- 24 
Paradise Valley.............. 26 
a eee 26 
Mi ceksntedcounouesncnt 25 
| ERs 23 
Montgomery County*........ 21 
sod cbc ache oaduas 26 
Humboldt County*.......... 24 
SOE Ma cccbacksicbesces 25 
SEES SSE 23 
bd ss nceknnedbeesesss 24 
Dis. sun tneuchokneen 25 
San Francisco..............-. 26 
SESE Or 24 
Montezuma County*......... 23 
SEES ES 26 
Sy ML. * conkuenaccéans 26 
Se 24 
hn... o.»pecubabensat 24 
DT. icncseeheacesbees 26 
Kent County®.............. 23 
RE HTS 24 
nc chépesusnanee 23 
. .. .. eens 24 
DT hétckacndeacbheak bbe 24 
NG th ait dn ekaiwhiiie 26 
Sts rr oe 25 
Butte County®_. 23 
| 24 
East St. Louis 25 
ian ae 23 
North Chicago - 21 
ss canbmnieiemis 26 
ETRE Re 25 
Mast Chieamo...........-..0- 25 
NS eee 25 
«ccc checeuucesh 25 
Parke County®.............- 25 
Re oeteueas oil 23 
Beverly Shores........--.--- | 25 
Dunes Police Post #1 athal 23 
Dunes State Park owalbareeel 23 
OO eee 24 | 
ts 23 
Cedar Rapids. ............-.| 26 
Delaware County*..........- 25 
EE SE 25 
_ SRT | 25 
Wichita 26 
Lexington | 24 | 
Louisville F pete 23 | 
New Orleans. ‘ fae : 25 
Shreveport 26 | 
Acadia Nat Park* 22 
Portland | 23 | 
Baltimore ssh | 26 
Calvert County®..........-- | 26 
Brockton | 24 | 
Lawrence.______- aril 23 
Lowell - eae | 
New Bedford_ Peary: | 20 
Detroit ie | 24 | 
Flint_. 25 | 
Grand Rapids } 23 
Trenton : 25 | 
Minneapolis 26 | 
St Paul } 26 
ae me ; nal 24 
Jackson County®.. 25 | 
Kansas City 24 | 
St Louis... ._. | 25 | 
Shannon County*..._..____-- | 26 | 
Glacier Nat Park* imaeonel 23 
Helena pebaweent 22 | 
Omaha. ._. } 25 | 
Thomas C ounty® 26 | 
Las Vegas... aa 26 
Reno zs | 25 | 
White Pine C ounty® 23 | 
Concord... . oe 25 | 
Coos County* 23 
Bayonne 19 
SE ee 24 
Pemberton Cantaatetaiiats | 26 


* Denotes nonurban station. 
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Num- 
Station name Tr Maxi- | Mini- | Aver- 
of mum | mum age 
samples 

N.J.—Continued 
0 OS eos ses 23 1.3 | <0.1 0.3 
OU ae eee 24 1.1) <0.1 0.3 
GA ut kdascodquabaces 24 1.4] <0.1 0.3 
ass be tn dan Gatss cb604 23 1.1) <0.1 0.3 
TTR. ie teentencsscent 26 1.3} <0.1 0.3 
Ph Gab dnbde'sesarases 24 2.0} <0.1 0.4 
New Brunswick. ..........-. 22 0.9 0.1 0.3 
DS chéskschsihbeaved 24 1.8] <0.1 0.4 
PE ON wawcsesncdovsed 24 1.6) <0.1 0.4 
PHIROOR, ..ccstecatcccesccs 21 0.7) O.1 0.3 
N.Mex: Albuquerque.....:.........- 25 1.6) <0.1 0.4 
Rio Arriba County *....... 25 2.6) <0.1 0.5 
N.Y: Cape Vincent*............... 25 1.2 0.1 0.4 
ke ts eae 24 1.2) <0.1 0.3 
N.C: lL EELS 26 1,2 0.1 0.3 
Cape Hatteras*.............. 26 0.8 0.1 0.3 
Ohio: ts whens shhelsniba 25 1.3 0.1 0.4 
EAD 26 1,2 0.1 0.4 
CR eka kode 16s aot 26 3.6) <0.1 0.5 
SESS Se 25 1.4 0.1 0.4 
Toledo... 26 1.5) <0.1 0.4 
Youngstown. ~ 26 1.3] <0.1 0.4 
Okla: Cherokee C ounty®. ay 25 1.3 0.1 0.4 
Oklahoma City............. 26 0.9 0.1 0.3 
. ia 25 0.8 | <0.1 0.3 
Ore: Curry County*........... : 24 0.5) <0.1 0.2 
PM hsenuccasabenecens 26 0.5 | <0.1 0.2 
Dt iccacclhnahenebsaee 24 0.9 | <0.1 0.3 
REESE A OE 25 0.8} <0.1 0.3 
Pa: NS 4 aif65 ann la aniliete 22 1.7 0.1 0.3 
ako calc s ndlelint 21 1.4 0.1 0.5 
i cnniewednh deeded 24 2.0) <0.1 0.4 
Pipersville...._. 23 1.7 0.1 0.3 
Embreeville.___ _- 24 1.0 0.1 0.3 
Clarion C ounty®. 25 1.8} <0.1 0.3 
| a eacaalpgenrp cemetca 24} 1.6] <0.1 0.4 
| EGET 24 0.8 0.1 0.3 
| Ginn ccbinascenened 25} 1.1] <0.1 0.4 
EE «cnc thee ein deel 21 1.2 0.1 0,3 
in. sicte.ssoandasel 22 1.8 | <0,1 0.3 
Philadelphia. .............. 25 1.1 | <0.1 0.3 
0 REESE 24 1.2) <0.1 0.3 
I inetlcduceek cbthtie 24 2.1) <0.1 0.4 
Warminster.._____. 24 2.9) <0.1 0.4 
Wes Cs so censscdccncs 24 0.8 | <0.1 0.3 
‘ork ‘ 26 1.4] <0.1 0.4 
P.R: Bay NA i ee 23 2.0) <0.1 0.3 
Guayanilla 20 0.7) <0.1 0.2 
DN) Dc nth ns bdeeabiss 21 1.1) <0.1 0,2 
San Juan ; 24 0.9) <0.1 0.2 
R.1: East Providence............. 24 0.8) <0.1 0.2 
Providence : 26 2.0 0.1 0.4 
Washington C ounty Mudnbidaee 26 1.4 0.1 0.4 
8.C Charleston. asntiinas hitinn 25 1.1 0.1 0.3 
Richland C ounty* 20 0.8) <0.1 0.3 
Spartanburg - - ~ 26 1.3 0.1 0.4 
8.Dak Black Hills Forest* 26 0.9) <0.1 0.3 
| Sioux Falls . 26 0.8) <0.1 0.3 
|| Tenn Chattanooga. - - - - 24 1.2 | <0.1 0.4 
} Tt 76 ostmebnancebess 25 1.2) <0.1 0.3 
RRO: Hla eat 26 1.1 | <O.1 0.3 
| Nashville... 23 1.0 0.1 0.3 
|| Tex ERS EE SRS a 26 1.8) <0.1 0.4 
| Houston... . Pi oat 3 myn 25 1.0} <0.1 0.3 
| Matagorda C ounty® 25 1.0) <0.1 0.3 
} San Antonio. --.-...-. 25 0.6 |) <0.1 0.3 
|| Utah: Salt Lake City... __- 26 2.5 0.1 0.5 
| Vt: Burlington......... 25 1.2) <0.1 0.3 
| range County*..._. 24 1.4 0.1 0.4 
|| Va Hampton 25 1.3 0.1 0.3 
| DEL, dctundwe o6evames 25 1.2 0.1 0.4 
| Norfolk . : 25 1.5 0.1 0.4 
| Shenandoah Nat Park* 25 1.2) <0.1 0.4 
| Portsmouth... ..... 26 0.8; <0.1 0.3 
Di siens sonkasebesins 25 1.5 | <0.1 0.5 
| Roanoke 24 1.0} <0.1 0.4 
|| Wash: Seattle biédanedecedtenin 26 0.8 | <0.1 0.2 
|| W. Va: Charleston 25 0.8 0.1 0.3 
| (er 23; 1.2] O.1 0.4 
| Wheeling 25 1.3 <0,1 0.4 
|| Wis Door C “ounty* sbendecheenn 21 0.8 | <0.1 0.3 
| inde. ooceu 25 2.0 0.1 0.4 
| Madison 25 1.0} <0.1 0.3 
Milwaukee 25 0.8 <0.1 0.3 
Wyo ESSE Pe 25 1.4| <0,1 0.4 
Yellowstone Park*........... 24 1.1 <0.1 0.4 














| 
| 
| 
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Section IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 


Other Data 


Included are such data as those obtained from 
human bone sampling, bovine thyroid sam- 
pling, and environmental monitoring reports. 


STRONTIUM-90 IN HUMAN BONE, DEATHS THROUGH 1964 


Division of Radiological Health, Public Health Service 


To obtain data on the concentration of stron- 
tium-90 in man by age and geographical re- 
gion, the Public Health Service began collecting 
human bone specimens in late 1961. The target 
population includes children and young adults 
up to 25 years of age. Since strontium-90 in 
measurable amounts has been present in the 
global environment for more than a decade, and 
major calcium accretion ceases by age 17 or 
18, persons over 25 years old are of limited 
interest in the program. This has been con- 
firmed by analyses of selected samples of people 
in older age groups, the results having shown 
their bone strontium—90 content to be low and 
age-independent (1). 

Although a few samples come from living 
persons as a result of surgical procedures, the 
majority are obtained post mortem. In the lat- 
ter case, the specimens are limited to accident 
victims or persons who have died of an acute 
disease process that was not likely to impair 
bone metabolism. For analytical purposes, a 
sample of at least 100 grams of wet bone is 
desired. Generally this amount is readily avail- 
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able from older children, but it presents some 
difficulties from the standpoint of infants and 
children under 5 years of age. 

Most specimens received to date have been 
vertebrae and ribs. Efforts to collect long bones 
for comparison to British data have not been 
successful. 

The results of laboratory analyses for stron- 
tium-90 in individual bones from persons 
dying through 1964 which have not previously 
been published in Radiological Health Data & 
Reports are presented in table 1. All data are 
summarized in table 2. 

The data are reported as picocuries of stron- 
tium-90 per gram of ash (the primary deter- 
mination), per gram of calcium (for compari- 
son with other data and for purposes of model 
development) and per gram of bone (as a 
rough indication of dose). Two-—sigma counting 
errors are reported for the ash concentration. 
Following the pattern of earlier reports (2-4), 
subsequent articles will provide interpretation 
of the data at appropriate stages in the 
program. 
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Region. state, and 
sample number 


Northeast 
Maine 
1-9 (0003) . 


Massachusetts 
1-2(0065 
2(0074) 
2(0096) 
2(0098) 
2(0098) « 


te et 


2(0103) 
~2(0106) . 
2(0113 
2(0114) 
2(0115) 


2(0117) « 
2(0117) 
2/0121) 
2(0124) 
-2(0132) 


2(0138) - 
2(0139) _- 
2(0140) _- 
2(0108) 


2(0110). 
7 (0006 
~7 (0006) « 
8$(0026) 
8(0027) 


pe pond pt ed 


New Jersey 


2(0109).......... 


15(0001) .. 


II-36 (0005). .......- 


New York 
II-10(0009) 
11-10(0011) 
I1-10(0012 
11-10(0013) 
11-10(0014) 
I1-10(0015) 


1J-10(0016) - . 


Il 10(0017 
11-10(0019 
11-10(0020) 
11-10 (0023) 


TI-10(0024 
I1-12(0015 
I1-12(0016) 
11-23 (0003) 
11-23 (0003) 


23 (0005) 
23 (0006) 


23 (0009) 


II 
Il 
11-23 (0008) - - 
Il 
Il 


23(0010)_........| 


I1-23(0010)..... 


11-24 (0011) 


11-23(0012)........ 


11-23(0018 


11-23(0016)........ 


11-23 (0017) 

I-23 (0018) 

11-31 (0001) 

38 (0006 
( 


11-38 (0007) 


11-38(0006) ._ 


11-88(0008)......... 


11-38 (0009) 


11-38(0013) . .. 


11-38(0014) . 


11-38(0016) 
I1-38(0017) 
11-38(0018 
11-38(0019) 


11-38(0020)......... 


I1-38(0024) 
11-38(0025) 
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Yrs | Mo |Day| 
| | 


Table 1. 


Age at 
death * 


a | 29 
Q 
4 | 23 
1] ® 
8 | 18 
8 18 
| 13 
3 | 
11 | 
11] 1 
11 | 19 
11 | 6) 
7 | 22 
10 | 17 
10 6 
6 6 
5| 3 
5| 3 
3 | 20 
4 | 24 
7 | 18 
Li 
2 | 25 
2| 14 
1 | 24 
11 | 24 
1} 12 
5 | 27 
5 90 
9 | 21 
5 10 
3 q 
1! 13 
roY 
3 7 
2) 15 
2 | 15 
7 3 
ll 
6 | 20 
3 | 22 
2 | 24 
2 | 24 
2 | 2¢ 
4/17 
8 | 20 
2 
6 
1/11 
10) 4 
eG 
71 7 
3 
1] 3 
4|2 
3 
10 | 2 
7 | 
8/1 
7/1 
g | 
512 
4/17 
| o 


Details of samples and results of analyses 


| 
| death 
| Sex “ 


| Yr | Mo |Day!| 


64! 3/15| 8 
M/64{ 1/11! V 
M | 64/ 2}; 2] V 
F | 64; 4) 9] VN 
M | 64) 4/14] V 
M 64 4\14! V 
F | 64! 5/10] V 
r | 64) 5/21! V 
M ; 64! 6] 2 \ 
M164] 6; 6] V 
M | 64) 6/23) V 
M | 64| 6|27| V 
M | 64 6; 27) V 
M/| 64; 8; 2! V 
M | 64| 8/27] V 
F | 64; 9/| 26] V 
F |} 64/11/13) V 
M | 64/11/16) V 
F 164/12} 8| V 
M | 64| 5/24| V 
F 164} 5/27/ V 
yr }64] 5/129] V 
M | 64!12|12| V 
M | 64/12/12! V 
F | 64/11 | 27] V 
M | 64/12/21] V 
M | 64/10| 4] V 

|M/64/ 5) 9) V 
M | 63 5 5| Y¥ 
F163) 5/27) V 
M/ 63! 6/10| V 
M/63, 7; 28) V 
F |63| 7/28) V 
Mi63' 7;|;2' V 
M | 63 &| 14 \ 
M | 63 4} 
M 63/11/17, \ 
M | 63/11! 20) \ 
M | 64 3 \ 
M/| 64) 3/11) V 
M/ 64; 2/24) V 
M | 64 i 3 \ 
M | 64 4,19 \ 
M | 64; 4/19] V 
M | 64; 6/24] V 
M | 64 7/19 V 
M/ 64; 7/25] \ 
F | 64/ 8/16] V 
M | 64| 8/28] \ 
M | 64! 8/28/ V 
M | 64; 9/13] V 
M | 64/ 9/24) V 
M | 64/10/11] V 
M | 64; 11) 26) V 
M | 64/12; 15) \ 
F | 64/12/17) V 
Mi 64; 9) 7] V 
M | 64) 2/25) V 
M/ 64) 2/25) V 

| | 
M | 64| 3 1 \ 
F 164; 3] 3/ V 
F | 64 3 | 10 \ 
M/64/} 4) 1] V 
M | 64 | 4 | 20 | V 
| | 
F | 64) 4/20] V 
F |} 64) 5; 4] V 
F | 64; 8/ 8) V 
F | 64! 5) 6) V 
M| 64) 5/18) V 
RAs 
elalelwl vy 


5|M| 64) 6|28/ V 


| 
| Original 
} 


> | weight (g) | weight (g) 





| pCi strontium-90/g of: 


Ash 


co: ee | Calcium | Bone 

| vn | 

| 
7.7| 0.8040.12| 2.49] 0.02 

| 
| | 

24.3 | 0.69+40.01 | 1.88 | 0.08 
7.3 | 0.8740.13 | 2.41 | 0.07 
9.1 | 1,00+0.11 | 2.85 | 0.09 
17.2 | 0.96 +0.08 | 2.66 | 0.13 
17.2 | 0.43 40.06 | 1.18 | 0.06 
12.8 | 1.07+0.10 | 3.11 | 0.08 
8.8 | 0.7540.11 | 2.13 | 0.06 
198) 1.1040.07| 2.97 | 0.18 
6.0 | 0.39+0.10 | 1.15 | 0.03 
12.0 | 0.6940.08 | 1.83 | 0.09 
13.5 | 0.54+0.08 | 1.50 | 0.05 
13.5 | 1.1440.10 | 3.08 | 0.11 
22.9 | 1.0840.06| 2.92! 0.13 
9.1 | 1.1040.13 | 3.04 | 0.12 
11.0 | 0.91+0.03 | 2.48 | 0.09 
7.3 | 1.5540.16 4.48 | 0.13 
5.6 | 1.8340.24 | 5.39 0.15 
9.7 | 1.9040.15 | 5.19 | 0.22 
7.4 | 2.2540.18 6.42 | 0.16 
16.9 | 0.8940.08 | 2.49 0.07 
10.6 | 1.4240.12} 3.96] 0.11 
14.5 | 0.81 40.08 | 2.18) 0.13 
14.5 | 0.75+0.08 | 1.98 0.12 
7.5 | 1.1340.13 2.99 |} 0.11 
10.6 | 0.44+40.07 | 1.22 | 0.06 
17.0 | 0.6420.06 1.68 0.09 

| | 
19.3 | 1.1040.08 | 3.11} 0.13 
19.8 | 0.6040.07 | 1.65 | 0.07 
18.1 | 0.5740.07 | 1.54 | 0.07 
17.8 | 0.65+0.08 | 1.73 | 0.07 
14.0 | 1,0140.11 2.70 | 0.15 
21.2 | 0.80 40.08 2.14 | 0.10 
19.7 | 0.83 £0.08 | 2.28 | 0.10 
22.1 | 0.7840.08 | 2.07 | 0.11 
22.2 | 1.00+0.09 | 2.59 | 0.16 
24.0 | 0.91 40.08 | 2.38 | 0.12 
12.4 | 0.9040.12 | 2.44 | 0.07 
19.9 | 0.43 40.05 1.15 | 0.06 
17.7 | 0.7740.07 | 2.07 | 0.10 
20.2 | 0.46 40.05 1.28 | 0.05 
18.0 | 0.7140.07 1.88 | 0.08 
13.2 | 0.68+0.07 | 1.83 | 0.04 
13.2 | 0.5940.07 | 1.55 | 0.07 
20.9 | 0.8640.06 | 2.41 | 0.08 
21.8 | 0.6540.05 | 1.70 | 0.09 
19.8 | 0.60 40.06 | 1.61 | 0.08 
21.4 | 0.85 +0.06 | 2.24 | 0.13 
14.8 | 0.8740.08| 2.32] 0.06 

| | 
14.7 | 0.7940.07 | 2.20} 0.11 
22.5 | 0.9840.07 | 2.71 | 0.10 
15.9 | 1.18 40.09 | 3.12 | 0.16 
9.1 | 0.9740.11 | 2.78 | 0.08 
14.4 | 1.1140.09 | 2,92 | 0.16 
16.3 | 0.7940.07 | 2.12 | 0.10 
23.3 | 0.5140.05 1.37 | 0.08 
17.8 | 0.96 40.08 | 2.58 | 0.10 
13.7 | 1.3140.10 3.50 | 0.16 
13.7 | 4.10+0.09 | 3.01 | 0.14 

| 
14.4 | 0.83 40.08 | 2.36 | 0.07 
16.0 | 0.93 40.08 | 2.46 | 0.10 
17.5 | 0.83 40.07 | 2.31 | 0.08 
12.0 | 1.00 40.09 2,83 | 0.08 
13.9 | 0.69+0.07 | 1.81 | 0.12 
14.6 | 0.754007 | 2.08 | 0.07 
10.3 | 1,0740.15 | 3.23 | 0.07 
17.5 | 0.2040.04 0.76 | 0.03 
25.1 | 0.4640.04| 1.25 | 0.06 
12.6 | 0.7940,08 | 2,13 | 0,06 
21.5 | 0.4240.04 | 1.12 | 0.06 
13.7 | 1.4740.11 | 4,02) 0.15 
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| Age - tote ot | | pCi strontium-90/g of: 
eath ® | eath 
Region, state, and nD a. rain ae | Bone Original a ee wae ak UES 
sample nunber | | | | | | | type> | weight (g),| weight (g) | 
Yrs | Mo |Day)| | Yr | Mo |Day| a ae. | Caleium | Bone 
ee in ee | an 
; | 7 i —w FSi: a a vs ’ a = os —T 
; ; Se oh tt ie oe 
N30) 14] 6loolF jes! 7) 7 | Vv 141.7 11.4 | 0.9440.08 | 2.55 | 0.08 
II-38(0027)__........| 18 14) F 164 | 7117 V 163.1 24.8 | 0.83+40.06 | 2.19 0.13 
I1-38(0028) .........] 22 | | 12|F | 64 7 | 21 V | 167.9 17.3 | 0.8140.07 2.21 0.08 
I11-38(0029)_........| 23 | 7 | 29 F 64 7/23; V | 172.6 14.9 | 0.46+0.06 | 1.26 0.04 
II-38(0030) ........- 3 1 | 15 | F | 64 7 | 26 | V 112.3 9.3 | 1.7140.18 4.60 | 0.14 
11-38(0031)_........- 4| 9 21M | 64 7 | 29 V 147.8 14.7 | 1.5940.10 | 4.34 | 0,16 
11-38(0032)......... | 7] 6/21 | M | 64} 8| 22 V 168.8 17.3 | 0.92+0.07 | 2.68 | 0.09 
II-38(0033)........-. 13 | 1/24) F | 64; 8/28] V 162.7 21.8 | 1.1440.07 | 3.01 0.15 
IT-38(0035)_.......- 10| 4 15 | M | 64 | 9117 V 140.8 12,2 1/29 40.12 | 3.63} 0.11 
II-38(0037)_........- 124/11) 6) F | 64) 10) 27) V 165.9 | 15.4 | 0.6440.07 | 1.70 | 0,06 
} | | | 
II-38(0039)_.......- 11! 5] 20) M/ 64 12| 9 | V 160.4 13.4 | 0.72 40.08 | 04 | 0.06 
II-38(0040)........-. | 4| 4] 28) M | 64 | 12 | 25 | V 134.2 14.8 | 0.9740.09 2.65 | 0.11 
11-38(0041)......... 115] | 7/¥F | 64) 12/28] V 169.6] 21.5} 0.4740.05| 1.28 | 0.06 
I1-39(0002)......... | 3/10) 8) M|64| 8/31) V 136.6 15.5 | 1.43 £0.09 | 3.83 | 0.16 
P Ivani | | | | 
ennsylvania | | 
11-3(0008) .........- 5 | | 13 | M | 68 8); 1 | V 113.7 12.8 | 1.1740.13 3.37 0.13 
II-3(0005)_.........| 24] 2] 25|M|63| 8/11] V 93.5 | 16.3 | 0.67 40.09 | 1.76 | 0.12 
1I1-3(0008)..........|18| 2|28|M|64| 3] 5] V | 175.4 | 21.6 | 0.91 40.10 | 2.44) 0.11 
II-4(0020)__.....-..| 24 | 11 | 21 | M | 64 ; 1} 2% } V | 185.5 } 14.1 | 0.5140.06 1.46 0.04 
II-4(0023) .........- 119) 5] 8|M/64| 3/25] V 150.6 | 16.5 | 0.71 40.06 | 1.93 | 0.08 
j | | j 
11-4(0026)_.........|13| 4] 24|F | 64] 4/15] Vv 132.7 | 14.4 | 0.64 40.06 1.76 | 0.07 
I1-4(0029) _ _- ‘ | 6!' 8} 4|M/64| 7/11] V 95.1 8.1 | 0.9840.11 2.81 | 0.08 
II-4(0031) .......... 24 1 | 27 | M | 64 9} 30); V | 122.1 10.5 | 0.57 40.08 | 1.59 | 0.05 
I1-19(0043) ..|20!| 4) 4]M/63| 7/13! R,V | 150.1 23.1 | 0.6940.07 | 1.79 | 0.11 
II-19(0046) |}22/ 4/18!M/63| 7| 27] V 93.4 15.9 | 0.62+40.09 | 1.64] 0.11 
II-19(0047)______ eg 19; 5|28|}M/63|] 8] 1] V 126.4 18.5 | 0.85 40.08 2.34 0.13 
11-19(0049) d wet oS 8 “ 63 8 | 24 v ots 14.9 | 0.7040.09 1.94 0.05 
-19(0050 Se ae M | 6: 9| 9 y 03.7 5 | 1.5440.17 4.67 | 0.13 
11-19(0052) _.....| 24] 5|21 | M| 63] 10/22] V 136.8 18.2 | 1.03 +£0.10 2°79 | 0.14 
I1-19(0063)__....__- 114] 6] &6|M/64/ 4/21] V 121.1 | 13.5 | 0.7046.07 2.02 0.08 
Vermont | | 
I-6(0040)_........ | 25 1 | 26) M | 64 4 | 30 V 133.9 18,2 | 0.6740.06 | 1.74 | 0.00 
1-6(0040)...........| 25 1 | 26) M} 64 4 | 30 V 133.9 | 18.2 | 0.5940.06 | 1.62 | 0.08 
I-6(0050).......... 22; 9) 25 F | 64) 11) 14 V 100.8 17.0 0.67 +0.07 1.76) 0.11 
1-6 (0050 _..| 22} 9) 25! F | 64/11) 14 V 100.8 17.0 | 0.8140.08 2.09 | 0.14 
I-6(0052) _.....115}] 1)14!] M | 64 2 | 29 V 101.1 14,3 | 1.6640.11 | 4.56 | 0.24 
1-6(0052) .. | 15 1] 14/ M | 64} 12 | 29 V 101.1 | 14.3 1,8040,12 | 4.70 | 0,25 
I-13(0005)..........| 6] 10) 21) F | 64) 8) 14! V 207.6 | 20.0 | 0.89+40.06 2.51 | 0.09 
ow Phy A | | | 
Southeast | | | | | 
Kentucky | 
| | | 
III-10(0001)__...-. 110} 6] 23 | J 63; 8/10) R, 122.4 17.9 | 0,8740.09 | 2.24 | 0.13 
i 10(0001)........| 10 6 | 23 63 8 | 10 R, V 122.4 17.9 | 0.8740.10 2.34) 0.18 
I-10(0002)_.......| 14 7119) 64 7;15/] V 181.6 | 22.4 | 0.82 +0.06 | 2.33 | 0.10 
IIJ-10(0002) .... 2...) 14 119 | I 64 7) 15 V 181.6 22.4 | 0.8940.06 2.43 | 0.11 
IIT-10(0003) cand 24 5| 8/F | 64 i) 9; V | 122.9 19.2 | 0.8040.07 2.10 0.13 
III-10(0003 ‘waa 5 8|F | 64! 9 9; V 122.9 19.2 | 0.6940.05 | 1.86) 0.11 
I1I-10(0003)___.___- 24 5 8|F 64) 9 9; V 122.9 19.2 0.82 +0 .06 | 2.19 0.13 
Maryland 
III-6(0001).........| 9 128 | M | 68 6 2 V 137.2 | 10.0 | 0.8240,15 3.55 | 0.06 
III-7 (0024) tinue 2 2|Mi 63 6 V 100.5 14.1 | 0.7440,.09 1.95 | 0.10 
II1-7(0024) waeek ae 2 2|M/! 63 4 6 V 100.5 14,1 0.87 +0.10 2.26 0,12 
ILI-7 (0025 OER | ] 6'M! 68 >| 12 V 150.1 19.4 | 0.7640.08 2.02) 0.10 
I1I-7 (0026). ........ | 22 125) M | 68 4 4 V 130.8 16.3 | 0.6640.10 1.73 | 0.08 
IlI-7 (0027) > l 2|M/ 68 6 6 \ 219.0 27.3 | 1.0240.08 2.72 0,13 
I11-7(0028)......... 20 6|M |} 63 4 | 30 \ 174.4 24.3 | 0.6240.07 1.66 0.09 
III-7(0029)_........| 20 3/21) M | 63 5 | 23 \ 97.2 16.2 | 0.7140.08 1.86 | 0.12 
III-7(0029)_.........| 20 | 3) 21 | M | 638 5 | 23 \ 97,2 | 16.2 | 0.8040,11 2.06) 0.18 
III-7 (0030)... ...... 14 | 126) F | 63 4 3 \ 137.7 19,2 | 0.75 40,08 1.99} 0.10 
| | | 
TII-7(0031).........| 18 6| 24; M63) 5] 8 V 149.6 16.9 | 1.1740.10 | 3,21 0.13 
III-7 (0036) ele aent Ge M | 63 4 | 21 V 123.7 | 15.6 0.4640,.07 | 1.18} 0.06 
I1]-7 (0036) «........| 24 M | 63 4 | 21 V 123.7 15.6 | 0.5040.07 1.56 | 0.07 
I11-7(0037)......... 19} 9/20; F |68) 5/14] V 157.0 21.5 | 1.0440,09 | 2.75 | 0.14 
II]-7(0038)......... }25| 6/23 | M/63| 5/23) V 200.8 25.7 | 0.9440.06 1,27 0.06 
III-7 (0039) 7 19 | | 5|M 63 | 5)18| V | 181.3 24.9 | 0.7440.07 | 1.34 | 0.10 
| | | | | 
North Carolina | Ta BS Det | 
III-13(0014)........ | 19) 4 | 21] M | 64; 3/ 3) V 139.2 | 16.3 1,00 40,07 2.74| 0.12 
Virginia ie | | | 
TiI-5(0002)......... | 6; 8| 7|M|63; 5| 28) R,V 108.7 | 9.9 | 1,81 40,22 | 4,95 | 0.16 
| | | | | | 
Central | | 
Illinois | 
V-27 (0002) . soutuetce 11 | 27 | M 64) 4/13) V | 137,4 | 17.5 | 0.4140.05 1,08! 0,05 
V-27(0002)¢........) 18} 11) 27) Mj} 64) 4/13) V 137.4 17.5 | 0.60 40.05 1,30 | 0.06 
V-27(0002)4_....... 18 | 11) 27|M/64) 4/138) V 137.4 17.5 | 0.4040.05 1.05) 0,05 
V-27(0003)......... 19| 6) 25)}M{64) 9| 5) V 98.8 | 12,7 | 0,6040.07 | 1.60 | 0,08 
V-27(0003)¢......... 19; 6| 25| M| 64] 9) 5] V 98.8 | 12,7 | 0.59+0.07 | 1.60 | 0,08 
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| | 
| jue at | | — | | | pCi strontium-90/g of: 
death * | eath | 
Region, state, and | ere) [| pane | Original Nf, RS 
sample number | | | | | type> | weight (g) | weight (g) | 
had Mo Day| | Yr | Mo|Day)| | A apne. Calcium | Bone 
} | | > .E. 
| | | | | 
Ae ys i i Py ss ee ~| a - = ieee ii ee tne 
ah ae Se ae oo 
Illinois—continued | 
V-27( 5 ae Fe 14|M | 64 12 | 28 | R | 95.3 20.0 | 0.37+40.04 0.97 0.08 
| | | | 
Michigan | | 7 | | : 
V-5(0008) | 20 |} F 64 8 | 29 V | 137.8 16.1 | 0.62+0.06 1.67 07 
V-6(0002) | 2 8 | 26| M| 64| 6/| 24] V } 142.6 | 14.6 | 1.18+0.09 3.19 0.12 
V-6(0003) | 22 | 6 | 18| M | 64 | 12 | 15] V | 167.1 | 24.2 | 0.68 +0.06 1.75 | 0.10 
| } | } | | 
Minnesota | | } ie | | : | | 
VI-6(0004) 15) 4 F | 62/ 11 18 | R,V,S 176.9 26.0 | 0.7440.13 2.46 0.14 
VI-16(0001) |} 10); 4 §|F | 63/11)12}) V 221.0 | 23.6 | 1.5340.10 4.07 0.16 
VI-16(0003) |} 19 | 5 | 29 | F 64 | 10) 6 | V | 140.7 12.3 | 1.02+0.10 2.71 0.09 
VI-19(0005) 116}10|] 2 M | 64 21S: | 163.3 | 18.7 | 0.60+40.06 1.66 0.07 
VI-19(0006) | 4 5| 3; F | 64| 2); 14 Vv | 15.9 | 9.2 | 0.80+0.11 2.21 0.06 
VI-19(0008) ..| 20] 8 24|F | 64 2;25); V 93.5 | 10.9 | 0.69+40.10 | 1.76 0.08 
VI-19(0011) at 2B SLT? 64 3|24) V | 146.0 | 14.3 | 0.83+40.09 | 2.27 0.08 
VI-19(0014) SS TS Py ag M 64) 5 | 9 vV 109.8 10.1 | 2.1740.16 6.04 0.20 
VI-19(0015) we) 7 | M 64) 5 22 | V | 177.1 23.2 | 0.9040.06 2.35 0.12 
| | | | 
VI-19(0017).._..__.- 111] 5|16|F | 64] 6 | 9| Vv | 150.6 | 14.3 | 0.67+0.07 | 1.83 | 0.06 
VI-19(0019)__.....-- | 18 2} 9|M| 64 8/18); V | 121.4 19.5 | 0.60+0.02 1.59 0.10 
VI-19(0022)....___- | 91 7|16|F | 64] 9]10| V 145.9 | 12.0 | 0.9340.11 | 2.53 | 0.08 
VI-19(0023)......... 7 1 8 | M | 64) 10 os 128.9 | 12.5 | 2.2140.04 6.03 | 0.22 
VI-19(0039)........- 17| 6| 2|M/64/12] 8] V | 181.8 | 20.2 | 0.75 40.06 | 2:01 | 0.08 
VI-19(0040) __......- 8 | 11 | 29 F 64/12; 29; V | 134.7 | 10.5 | 1.5640.12 | 4.28 0.12 
VI-19(0041)......... | 18 | |m{oesliz}ar} v | 140.9] 13.5] 0.6340.07| — 1.73 | 0.06 
VI-19(0041)¢........ | 18 } } | M 64 | 12 29 Vv 140.9 13.5 | 0.57+40.07 .53 0.06 
| | } } | 
Missouri 
VI-7 (0032) . ------| 22 | 8/}11|F | * } 10; 8| V 159.2 6.6 | 0.50+0.09 1.91 0.02 
Ohio be PSS OS ee ee | 
V-19(0086) .___...-.. | 4 11 1 | F | 63 1/27/ V 155.8 | 17.7 | 0.63+40.09 : 0.07 
V-19(0123)__....... 4; 7111] M| 64 1| 3 Vv | 118.1 | 11.5 | 1.2540.12 | .45 | 0.12 
V-19(0137)_._....--| 3 7; 91F | 64 2} 21 4 130.2 8.6 | 1.05+0.11 3 | 0.07 
V-19(0141)......... 1 Bae Ge | 64 3/12] V 55.6 5.3 1.96 +0.23 5.65 0.19 
V-19(0161).__..-.. 3; 3 9/|F | 64) 4 23 | V 48.9 4.1 1.64240.21 4.33 0.14 
Te fe ea pe pa | 
V-19(0162) 1| 9|13|M]64| 4] 30] Vv 54.3 | 4.1 | 2.00+40.24 | 5.34 | 0.15 
V-19 (0166) - Sua zi 8 7|*F | 64 6} 12] V } 88.2 | 7.3 2.1840.18 | 6.24 0.18 
V-19(0172)..._.__.- o| 6] F 164} 7| 4| V 80.1 | 6.6 | 2.20+40.20 6.43 | 0.18 
V-19(0177).._....- 1 | 10; 25 | M | 64 7 i iy ™ 76.2 | 4.7 | 1.88+40.20 5.33 0.12 
V-19(0181)_.._..... | 2; 4/11|M 64 | 7 } 27 V 98.7 6.3 | 2.5740.20 | 7.52 0.16 
V-19(0185)..._..... | sj} 1/3 | F }64| 8| 7| v | 74.6 6.5 | 3.1940.22| 8.73 | 0.28 
V-19(0186) eg te 4 4/29) F | 64/ 8/ 10 Vv | 73.6 7.8 | 1.4840.15 | 4.02 0.16 
V-19(0188)........- | a} 1] 21M] 64| 7{25| V 74.7 6.3 | 2.1440.21 | 6.19 | 0.18 
V-19(0189)._....... 6 | | 28} M/ 64; 8; 3/ V 170.4 14.7 2.1520.13 6.11 | 0.19 
V-19(0200) . .-....--| 14) 4 | 10 F 64 | 10 | 3 V | 86.6 12.8 | 0.99+0.09 2.72 | 0.15 
| | | | | 
V-19(0200)¢_........ | 14| 4|10|F | 64 | 10 3; V } 86.6 | 12.8 | 1.05 40.09 | 2.77 0.16 
V-19(0206)..-------| 5] 6|24| F | 64/ 8/16| V 83.6 | 9.8 | 1.2740.13 | 3.43 | 0.15 
V-19(0207)__....... } 2] 3] 24) F | 64] 10 30 V 71.9 | 5.9 | 2.50+0.28 | 7.10 0.21 
V-19(0208) ._....... | 2 | 15 | M | 64 | 11 | 29 Vv 47.5 | 3.5 | 1.0140.22 3.06 0.07 
V-19(0209).........| 3| 6] 21|]F 64 | 11 | 26 Be | 93.9 | 8.5 | 2.2520.17 6.53 0.20 
V-19(0210) - ee ey | 24 | F | 64 | 10 | 11 Vv | 48.3 | 5.2 | 2.4540.23 7.17 0.26 
V-19(0211)__....... |} 1] F | 64] 11 | 23 Vv 56.2 4.5 | 0.8140.17 2.50 | 0.06 
V-19(0214) - 1 10; 8| F 64/10/17) V 50.7 5.4 | 2.7640.23 8.21 | 0.29 
V-19(0219)......... 6 4/19/|F 64 9 im } 114.3 | 9.8 | 1.0840.11 3.04 0.09 
V-26(0005)......... | 23 2/13] M/| 64] 5| 24 Vv | 91.3 | 13.9 | 0.6140.12 1.59 0.09 
V-31(0001)- 2222222] 7] 7] M/64| 2/21| V | 200.2] 22.0 | 0.6740.05 1.71 | 0.07 
| | | | | | 
Wisconsin | | 
V-03 (0042) - oa ae 6 8 | M | 63 6 2 Vv | 156.8 | 14.2 | 1.08+40.13 3.04 0.10 
V-03 (0044) 8 2 2\F | 6 6 | 25 Vv | 225.7 23.3 | 0.67+40.07 1.81 0.67 
V-03 (0051). 5 4/29 | M | 63 8 6 Vv 215.7 22.2 | 1.1640.09 3.17 | 0.12 
V-03(0053) ......... 9 6 | 24) M | 63 8| 3 Vv 178.4 | 14.7 | 0.76+40.11 2.09 | 0.07 
V-03(0053)¢......... | 9 6 | 24 | M | 63 8; 3 V | 178.4 14.7 | 0.6740.09 2.21 0.06 
V-03 (0055)... .....- 3 5117 | M| 63 er SMe | 155.9 | 12.8 | 1.7640.15 4.97 0.14 
V-03 (0062) - 4/11 M } 63); 9 9 Vv 313.5 | 19.4 | 0.3340.05 | 0.96 0.02 
V-03 (0063) - - - 14 2 M | 63 9 | 12 Vv 153.9 16.1 1.2640.11 | 3.52 0.14 
V-03 (0063) « ai) Jee M | 63 9 | 12 Vv | 153.9 16.1 1.69+0.12 | 3.75 | 0.18 
V-03 (0067). ......- 4 8|14/F 63 | 9 | 24 Vv } 119.2 11.0 | 1.3640.15 | 3.93 | 0.13 
| | | | 
} | } 
V-03 (0068) . .....-.. 4/11 F | 63 | 10 2 V | 155.8 14.7 | 1.1040.11 | 3.12 0.10 
V-03 (0069) 311 1 | M} 63 | 10 7 Vv | 210.6 18.7 | 1.12+0.10 | 3.16 | 0.10 
V-03 (0070) 15 8/11 F 63 | 10 8 pf 156.5 15.1 | 0.7440.12 | 2.09 0.07 
V-03 (0070) « 15 8/11 F 63 | 10 8 V 156.5 15.1 | 0.79+40.09 2.15 | 0.08 
V-03 (0079) 4 5 | 18) F 63 | 11 | 14 V 131.8 13.0 | 1.69+40.15 | 4.60 | 0.17 
| | | | | | 
V-03(0081)........- 4/11 7|M/63/11/]22/ V 188.2 15.0 | 1.4040.12 | 4.04 0.11 
V~-03 (0082) _ . . 2; 5 2; M | 63; 11) 25; V 128.2 12.3 | 2.0340.18 | 5.49 | 0.20 
V-03 (0084) ......... 12/11) 23 | M | 63/11/29; V 237.4 23.9 | 0.5940.07 | 1.59 | 0.06 
V-03(0003)......... 6 6/17|M| 64)| 1 7 Vv 154.6 14.1 | 1.19+0.09 | 3.27 | O.11 
V-03 (0095) ......... 3}; 5/;13|M | 64 1; 5 V 158.4 13.2 | 0.63 40.07 1.73 0.05 
| | | } i | 
V-03 (0097). ........ | 3 | 9| 3|mMjoes| 1/22) vy | 144.3]  16.3| 1.2540.12 | 3.37] 0.14 
V-03(0101)......... } 2 9 | 29 | F 64 | 1] 24 Vv | 148.7 | 11.9 | 1.0940.10 | 3.17 | 0.09 
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Table 1—Continued 
ee ae ee ee oe ee ig 
Age at | Dateof | | pCi strontium-90/g of: 
| death» death } | 
Region, state, and elites __| Sex | a . Bone | Original | Ash pre bplalibe MaRPE PTS 5 naar 
sample number } type jweight (zg) | weight (g) | 
Yrs | Mo |Day | Yr Mo |Day } | Ach ape. | Calcium | Bone 
| | | | | .E. } 
noni ohne - = aeen 5 = } = a ot Ee. Te SSS 
iat 
V-03 (0102) 10 | 11 | 26| F | 64] 1 | 28 V 222.5 | 21.9 | 0.9640.07 2.70 0.09 
V-03 (0103) 7 8 | I 64) 2 i | 30.0 .2 | 0.9340.09 2.67 0.08 
V-03 (0109) 2; 2/10 M | 64 2 15; V | 106.5 8.8 | 1.60+40.15 4.35 0.13 
V-03 (0110) 7 1 | 28; M | 64 2/126; V | 118.0 9.8 | 1.4040.12 3.95 0.12 
V-03 (0118) sonal 2) Ola ih ee. a) 8 Vv | 160.3 14.8 | 1.09+0.09 3.04 0.10 
V-03 (0123) - Lee 3 5 | 13 M | 64 4 17 Vv | 165.8 16.2 | 1.34240.10 3.68 0.13 
V-03(0125).........| 7 8/| 17) F 64 4/19 Vv 125.1 11.4 | 0.7440.09 2.03 0.07 
| | | | } | } 
V-03 (0126) 14} 5|29 |) M | 64 4 | 19 Vv } 175.2 22.4 | 1.05+40.07 2.76 0.13 
V-03 (0126) ¢ 14 5 | 29 | M | 64 4/19 V 175.2 22.4 | 0.9340.06 2.61 0.12 
V-03 (0134) . ef 4 |27|M | 64 5 | 27 V | 141.8 13.8 | 0.74+40.08 1.99 0.07 
V-03 (0137) .-.| 4] 2] 6] M | 64 6 | 12 Vv | 103.6 10.1 1,02 +0.10 2.84 0.10 
V-03 (0145) .| 3 5 | 18 | M | 64 7 17 Vv | 157.0 14.1 1.28+0.09 3.51 0.12 
| } 
| } | | 
V-03 (0152) 7 | 16 | 2 2|F 64 9 | 29 Vv | 202.4 17.3 | 0.84+40.07 2.19 0.11 
V-03 (0152) « . 16 | 2 2) 64 9 | 29 V 202.4 17.3 | 0.7240.06 1.94 0.09 
V-03 (0152) 4__ ‘ 14; 2] 2|F | 9 | 29 Vv | 134.9 17.3 | 0.8420.08 2.28 0.11 
V-03 (0182) sunosel Cy], -& | Eh M | 64 12 ae i | 200.1 19.2 | 1.41+40.08 3.86 0.14 
ae wy Te | 
Louisiana | | 
VII-8(0014) 21 1 6 | M | 63 10 | 10 V } 115.1 18.7 | 0.88+40.07 2.36 0.14 
VII-8(0014) ¢ 21 6 M | 63 10 | 10 V 115.1 | 18.7 | 0.98+0.07 2.49 0.16 
VII-8(0015)___. 2) 3|28|M/|63/11/ 9] RV | 149.4 | 15.6 | 1.9340.13 5.24 | 0.20 
VII-8(0018) 21 | M | 63 12 26 Vv | 122.3 18.1 0.70 40.06 1.83 0.10 
VII-8(0018) « | 21 M | 63 12 | 26 V 122.3 | 18.1 | 0.5740.03 1.55 | 0.09 
VII-8(0024) 24 5 18 | M 64 4 | 4 V 104.5 | 16.2 | 0.5440.06 | 1.44 0.09 
VII-8(0024) « o4| 5|18| M| 64 | 4| Vv 104.5 16.2 | 0.5740.07 | 1.49 | 0.09 
VII-8(0036) 18 8 | 25 | F 64 | 10 | 20 Vv 175.4 | 19.9 | 1.4540.09 3.86 0.16 
VII-8(0037) 11 11 6 M | 64} 11 15 V 166.2 | 19.2 1.26 +0.08 3.45 | 0.15 
VII-8 (0038) 23 1 22 M | 64 12 | 27 Vv 99.9 | 17.7 | 1.14+40.09 3.12 0.02 
VII-8(0038) « 23 1 22 M | 64 12 | 27 Vv 99.9 | 17.7 1.04 +0.07 2.83 0.19 
} 
VII-8(0038) «4 23 1 22 M 64 12 27 V 99.9 | 17.7 | 1.06+40.08 2.57 0.16 
VII-8(0039) 7 9} 20|F 64 | 12) 2 V 179.0 | 13.8 | 1.5540.11 4.48 0.12 
Tennessee | | | | | | 
1V-—9(0013) 12 | 5 F 63 12 29 V | 137.1 | 22.0 | 1.1140,11 | 2.83 0.18 
IV—14(0005) 20 Q M 63 3 | 27 Vv 240.1 32.0 | 0.90+0.09 2.34 0.12 
1V—14(0007) 20 6 | 13 M | 63 12 6 wv | 132.7 16.9 | 0.5520.06 1.47 0.07 
1V-—14(0007) « 20 6 | 13 M | 63 12 6 me 4 132.7 | 16.9 | 0.65+40.07 1.74 | 0.08 
Southwest | | | 
Arizona | | 
IX-27 (0002) | 5 7|25|F 64 3;29; V | 123.9 | 10.4 | 0.9340.14 2.50 | 0.08 
| | | | | | | 
California | | | 
IX-8(0032) | | 1 M | 64 11 R,V,S | 106.2 10.6 | 0.3540.07 0.96 | 0.18 
IX-9(0012) 23 8 | 26 M 63 3 13 V 176.6 23.3 | 0.3240.05 | 0.84 | 0.04 
IX-9(0012) « 23 8 | 26 M 63 3 Vv 176.6 23.3 | 0.992+0.19 1.34 0.07 
IX-17(0002) 23 7 20 M 63 10 26 Vv 138.7 15,1 0.9440.10 2.52 0.10 
IX-17(0002) « 23 7 | 20 M 63 10 | 26 V 138.7 15.1 1.02+40.11 | 2.84 0.11 
IX-31(0003) 24 10 M | 64/| 4 ll V 127.0 17.1 | 0.5840.06 1.55 0.08 
| | | 
Colorado | | 
VIII-3 (0005) 23| 2] 4|M| 63] 7] 25 231. 13.1 | 0.64+40.10 | 1.72 | 0.04 
VIII-4(0002) 6 | 11 7|M/| 62/ 11 21 V 18.5 11.4 0.36240.02 | 1.00 0.03 
| | 
| | 
Texas | | } | | 
VII-4(0002) A & 3) F | 64 7 4 \ 79.4 11.0 | 0.50+0.08 | 1.37 0.07 
VII-4(0003) " 11 3 | 28 M | 64 7| 6 V 89.4 | 9.5 | 1.0740.12 2.04 0.11 
VII-4 (0004) 3 6 | 27| F | 64 8} 11 Vv 130.7 | 7.3 | 1.5840.16 4.99 0.09 
VII-4(0006) 16 8 16 M 64 9; 19 V 131.0 14.4 | 0.74+40.07 2.02 0.08 
VII-5(0001) 13 5 | 12| M | 62 10 7 V 178.7 18.9 | 0.75 40.10 | 1.89 0.08 
| 
VII-5(0002) 11 8 | 20 F 63 1 29 \ 160.8 16.8 | 0.67+40.08 1.83 0.07 
VII-11(0005) 18 M | 63 11 15 R, V 107.0 13.4 | 0.67+0.06 1.77 0.08 
VII-11 (0005) « 18 M 63 11 15 R, V 107.0 13.4 | 0.69+0.09 1.85 0.09 
VII-12(0004) 14 11 7)F 64 12 | 23 \ 119.5 15.0 | 0.34+40.06 0.90 0.04 
VII-17(0014) 25 15 M | 64 5 8 \ 122.0 15.6 | 0.53 40.06 1.45 0.07 
VII-17(0015) 11 M | 64 10 | 29 TFB 123.2 | 20.6 | 0.94+40.07 | 2.34 0.16 
} | | | | 
Northwest } 
Alaska | | } 
IX-29(0001) 23 5 | 24 M | 64 4 19 R 97.3 27. 0.24+40.03 | 0,62 0.07 
IX-29 (0002) 2 1 25 | F 64 6/19 R | 15.3 4.0 | 1.2640.20 | 3.23 0.33 
Washington | 
IX-7 (0022 4 9/|}23)|F 63 6 | 17 Vv 124.9 9.6 | 1.3240.14 | 3.88 0.10 
| | } 
* Or time of surgical procedure. . 
> R, rib; V, vertebra; S, sternum; FM, femur; T, tibia; FB, fibula. 
¢ Duplicate analysis. 
4 Replicate analysis. 
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Table 2. Summary of results 
pCi Sr/g calcium * 
Age group and dolledeientie 





vear of death > Number @ 
Mean Minimum | Maximum 
0-4 vears 
1961 _. 3 | 3.7 1.8 3.4 
1962 0 | 3.3 0.8 9.7 
1963. 44 | 4.5 1 :  € 
! | d d 8. 
PD possi - | sas ; 
1961 1 | 2.7 2.7 | 2.7 
1962 | 33 | 2.7 | 1.0 | 9.4 
1963... __. 43 | 3.9 1.8 9.1 
| ae gall 64 3.6 | ; é 
10-14 years | | 
1961... .- 4 | 1.8 | 1.2 | 2.8 
1962 28 g.3 | 0.8 | 3.5 
a 2.1 | 
1964 ee Gee ie 3 ee 
15-19 years | 
0 | 
1962 | 31 2.2 ‘3 +6 
sc csahes ite atte 73 2.6 ‘ é 
A A a a a 58 2.9 1,2 | 6.1 
20-25 years } 
Ades sys sebees 0 | 
1962... s atbaiet 29 1.8 0.9 3.5 
ee 61 2.2 0.9 5.0 
TR FOR a 52 | ae 0.8 4.3 
Total samples 
ae 8 
ae 171 | 
ee 268 | 
Sed Wiltis whe 564d 297 | 
® Includes all data through 1964. 


> Or surgical procedure. 
Laboratory procedures 


The samples are analyzed at the Northeast- 
ern Radiological Health Laboratory of the Divi- 





sion of Radiological Health, at Winchester, 
Massachusetts. An yttrium fraction is sepa- 
rated from the bone ash by extraction with 2- 
thenoyltrifluoroacetone (TTA). The strontium- 
90 content is then calculated (2,3) from the 
yttrium-90 activity. “Blind” duplicate analyses 
are performed on 10 to 20 percent of the sam- 
ples. In addition, pools of animal bone ash and 
adult human bone ash are analyzed in replicate 
on a continuing basis. 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY 
AT ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semi-annual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such a 
nature that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Opera- 
tional Safety in directives published in the 
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“AEC Manual.”! 

Summaries of the environmental radioactiv- 
ity data follow for the Bettis Atomic Power 
Laboratory, the Feed Materials Production 
Center, Knolls Atomic Power Laboratory, and 
S1C Prototype Reactor Facility. 


1 Part 20, “Standards for Protection Against Radia- 
tion,” AEC Rules and Regulations, contains essentially 
the standards published in the “AEC Manual.” The 
AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402, on a subscription 
basis at $3.50 for 3 years. 


Radiological Health Data and Reports 








1. Bettis Atomic Power Laboratory 
January-June 1965° 


Westinghouse Electric Corporation 
Pittsburgh, Pennsylvania 


The Bettis Atomic Power Laboratory 
(BAPL), operated for the Atomic Energy 
Commission by the Westinghouse Electric 
Corporation, was established in 1949 to con- 
duct research and development operations re- 
lated to naval atomic propulsion systems and 
to the central station power reactor at Ship- 
pingport, Pennsylvania. Routine environmental 
monitoring data from the sampling locations 
shown in figure 1 indicate that environmental 
radiation concentrations resulting from labora- 
tory operations are well within Atomic Energy 


Commission prescribed limits. 


Liquid radioactive waste 


Liquid effluent discharged from the Labora- 
tory is sampled continuously. Composite sam- 


2 Summarized from “Environmental Radioactivity at 
the Bettis Atomic Power Laboratory for the First Six 
Months of 1965,” Semiannual Report PNRO-DEV-134, 
issued July 16, 1965. 


ples are analyzed weekly for gross alpha and 
gross beta-gamma activity, and quarterly for 
strontium-90 activity. 


The average concentration of gross beta 
radioactivity in the liquid effluent during the 
first 6 months of 1965 was 3,000 pCi/liter. This 
was considerably higher than the average con- 
centration of 180 pCi/liter observed in the 
second half of 1964, although it remained well 
below the limits prescribed by the AEC. The 
average concentrations of strontium-90 for 
the fourth quarter of 1964 and the first and 
second quarters of 1965 were 36 pCi/liter, 84 


pCi/liter, and 140 pCi/liter, respectively. 


Background monitoring stations 


Beta-gamma background radiation levels are 
continuously monitored and recorded at moni- 
toring stations located at the periphery of the 
laboratory property. Average readings at these 
stations are summarized in table 1. 


Beta-gamma radiation intensities averaged 
0.022 mR/hr during this period. This average 
is not significantly different from the back- 
ground radiation intensities measured during 
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Figure 1, Bettis Atomic Power Laboratory sampling stations 
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Table 1. Beta-gamma radiation, Bettis 
January-June 1965 














Average levels, mR/hr 
Measurements 
Station 1 Station 3 Station 4 
High weekly level_.........-- 0.044 0.060 0.394 
Low weekly level __....---.--| 0.012 0.010 0.010 
| Se eae | 0.016 0.012 0.038 








the second 6 months of 1964. The higher back- 
ground radiation levels at station #4 are due to 
the proximity of the environmental monitoring 
detector to the C-area critical test facility. 


Fallout 


Fallout samples are collected at three loca- 
tions at the perimeter of the laboratory. Sam- 
ples are collected over a period of 1 month in 
high-wall stainless-steel pots, and are analyzed 
for gross beta activity. The average monthly 
concentration of radioactive fallout for the 
first half of 1965 was 3.86 nCi/m*. There was 
no significant change in fallout activity during 
this period as compared to the last 6 months of 
1964. 


Soil samples 


Soil samples were collected at the eight loca- 
tions shown in figure 1. These samples are not 
analyzed routinely but are retained for future 
analysis to establish background levels. 


Stream silt 


Stream silt samples were taken quarterly 
at the three locations shown in figure 1. The 
results of analysis of these samples are pre- 
sented in table 2. 


Table 2. Radioactivity in stream silt, Bettis 
January-June 1965 














pCi/g of silt 
Period Location 
Alpha Beta-gamma 

NUNN, Baw ccccuctncce! Bovcecces 19 14 
eae 15 14 
PILE 41 220 

ti son goccsmbecnaeequeresspe 25 
Second quarter, 1965........-.- Ds arncaiantii 67 220 
eae 12 17 
2 SR 17 25 
Dt. coneccoune neopmeeineanunainet 32 87 





same as the average alpha concentration for 
these locations during the second six months 
of 1964. The average beta-gamma concentra- 
tion is significantly increased over the average 
for the second 6 months of 1964. This was due 
to a higher concentration in the plant liquid 
effluent being discharged at location A. Beta- 
gamma results for the first quarter from loca- 
tion C are considered to be in error since the 
liquid effluent concentration during this period 
was lower than the previous period. 


Recent coverage in Radiological Health Data: 
Period Issue 





July 1961-June 1962 April 1963 
July 1962—June 1963 April 1964 
July 1963—December 1963 November 1964 
January-June 1964 April 1965 


July-December 1964 October 1965 


2. Feed Materials Production Center 
January-June 1965' 


National Lead Company 
Fernald, Ohio 


The Feed Materials Production Center 
(FMPC) is operated by the National Lead 
Company of Ohio for the AEC. The location as 
related to populated areas is shown in figure 
2. Cincinnati and Hamilton—the larger nearby 
communities—are situated 20 and 10 miles, 
respectively, from the center. Operations at 
this project deal with the processing of high- 
grade uranium ores and ore concentrates to 
produce metallic uranium, and with fabricating 
the metal into fuel elements. 

An environmental survey program of air 
and water sampling is maintained to check the 
effectiveness of dust collectors and waste 
treatment processes. Inspection of the data 
indicates that releases of radioactive materials 
to the environment are controlled as required 
by AEC and State of Ohio regulations. 





The average alpha concentration on the 
stream silt samples was approximately the 
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3Summarized from “Feed Materials Production 
Center Environmental Monitoring Semi-Annual Report 
for the First Half of 1965” (NLCO-958). 
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Figure 2. Area map of Feed Materials 
Production Center 


Air monitoring 


FMPC uses dust collectors such as bag col- 
lectors, electrostatic precipitators, and scrub- 
bing towers, which remove nearly all of the 
airborne particulates generated during the 
many plant operations. The environmental air 
sampling program provides an indication of 
the amount of material released into the 
atmosphere. 

Onsite samples were taken at four perman- 
ent sampling stations located at the four corn- 
ers of the production area shown in figure 3. 
Offsite samples were taken by a mobile unit 
operated at various distances and directions 
from the plant determined by local meteoro- 
logical conditions on the day of sampling. The 
data for the offsite samples are averaged in 
groups according to distance from the produc- 
tion area. Concentrations of uranium and total 
activity of airborne particulates sampled at 


onsite and offsite locations are given in table 
3. 


April 1966 


Table 3. Radioactivity levels of airborne particulates 
January-June 1965 

















First half 1965 
Location 
Number of | Uranium * Total 
samples (pCi/m!*) activity > 
(pCi/m*) 
Onsite 
i aii cence aidan 25 0.1 0.5 
Ta ee a 25 0.1 0.3 
Di nceintignn «taitinenaniiied 26 0.1 0.5 
Piast dbchonctaccad 26 0.1 0.3 
All onsite samples ---_---.--.-.- 102 0.1 0.4 
Offsite 
0-2 miles from FMPC...-.. 2 0.3 1.5 
2-4 miles from FMPC_....- 26 <0.1 0.3 
4-8 miles from FMPC-_.--.-- 22 <0.1 0.3 
8-12 miles from FMPC-_.--- <0.1 0.2 
All offsite samples--..-..-.--.- 82 .16 0.7 








® MPC, 2 pCi/m* 
» MPC, 100 pCi/m* 


Water monitoring 


Continuous daily samples, collected from the 
combined sewer leading from the FMPC site to 
the Great Miami River, are analyzed for ura- 
nium and total activity. The combined sewage 
is composed of treated liquid effluent from the 
production plants, water treatment plants 
waste eifluent, storm sewer discharge, and 
treated sanitary sewage. Using the data from 
the combined sewage samples and stream flow 
data for the Great Miami River, the FMPC 
contribution to radioactivity concentrations in 
the river may be calculated. To check the cal- 
culated results, weekly upstream and down- 
stream spot samples are taken at the locations 
shown in figure 3. 











BUTLER CO 
HAMILTON CO 







@ Air Sampling Station 
@ Water Sampling Station 

















Figure 3. Air and water sampling stations, 
Feed Materials Production Center 
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Table 4 presents the calculated and the spot 
check river concentrations. Since the calculated 
concentration represents only the contribution 
from FMPC, it should be compared with the 
difference of the upstream and downstream 
measurements. 


Table 4. Concentrations of uranium and total activity 
in the Great Miami River, Ohio, January-June 1965 























First half 1965 
Location Method of | | ] 
determination | Number| Uranium * Total 
| (pCi/ activity > 
samples liter) (pCi/ 
| liter) 
Sewer outfall_| Calculated from 
sewer concentra- | | 
tions and stream | } 
data (continuous | 
sampling) - ------- 181 | 2 20 
Upstream. --..| Spot samples-------- 26 | 6 70 
Downstream.-_| Spot samples--- - ---| 30 | 9 60 
Difference } 


not 
applicable 





® MPC, 20,000 pCi/liter 
b MPC, 3,000 pCi/liter 


Recent coverage in Radiological Health Data: 


Period Issue 
July-December 1960 June 1961 
January-June 1961 December 1961 
July 1961-June 1962 March 1963 
July 1962—December 1963 May 1964 
January-June 1964 April 1965 


July-December 1964 October 1965 


3. Knolls Atomic Power Laboratory 
January-June 1965‘ 


General Electric Company 
Schenectady, New York 


The principal function of the Knolls Atomic 
Power Laboratory (KAPL), operated by the 
General Electric Company for the Atomic 
Energy Commission, is to support the Naval 
Reactors Program of the Atomic Energy 
Commission in the development of atomic 
power for naval propulsion. This includes de- 
sign, construction, and prototype operation of 
nuclear power reactors. 

The Knolls Atomic Power Laboratory con- 
sists of two sites, the Knolls site and the West 
Milton site, located as shown in figure 4. The 


* Summarized from “Knolls Atomic Power Labora- 
tory Semiannual Environmental Monitoring Report, 
January-June 1965” (Volume 7, Number 1). 
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Figure 4. Environmental monitoring locations, KAPL 


Knolls site occupies approximately 170 acres 
on which are located administrative buildings; 
chemistry, physics, metallurgical, engineering, 
and radioactive materials laboratories; and 
critical assembly buildings. The West Milton 
site occupies approximately 4,000 acres. Its 
principal facilities include the Triton (S3G) 
and Bainbridge (D1G) prototype reactors, 
equipment service building, fuel service build- 
ing, and waste treatment facility. Regular en- 
vironmental monitoring activities are conducted 
to assure that Laboratory releases of radioac- 
tivity to the environment are in compliance 
with AEC standards. The data that follow in- 
dicate that Laboratory waste operations have 
complied with AEC requirements. 


Air monitoring 

Environmental airborne radioactivity is 
measured at two locations on the Knolls site, 
four locations at the West Milton site, and at 
the General Electric Company Research La- 
boratory (designated as offsite location) ap- 
proximately 1 mile west of the Knolls site. 
Airborne radioactivity is sampled continu- 
ously and analyzed on a weekly basis. Meas- 
urements of airborne radioactivity are made at 
least 48 hours after collection allowing the 
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naturally occurring short-lived materials to 
decay. The results of the airborne radioactivity 
analyses are given in table 5. 


Table 5. Airborne beta activity, KAPL 
January-June 1965 


Sampling locations Concentrations 


(pCi/m') 





In addition to the environmental airborne 
radioactivity monitoring, surveys are made 
semiannually of the radiation levels at the pe- 
rimeter of KAPL at both the West Milton and 
Knolls Sites. The perimeter survey of June 
1965 showed normal background radiation 
levels for the geographic location. 


Liquid waste monitoring 


The dilution potential of the Mohawk River 
is utilized to a limited degree in the disposal 
of liquid radioactive wastes from the Knolls 
site. All potential sources of liquid radioactive 
waste at the Knolls site are connected by con- 
trol drains to collection tanks in the radioactive 
waste processing building. The release of liquid 
waste to the Mohawk River is regulated accord- 
ing to the concentration of fission products in 
the collection tanks, and the flow of the river. 
A continuous proportional sample of the Knolls 
site combined sewer effluent is taken at the 
point of discharge to the Mohawk River. 
Radiochemical analyses of weekly composite 
samples show that strontium—90 is the principal 
component to be considered in control. The 
amounts and the radionuclide content of the 
combined sewer effluent discharged from the 
Knolls site have been summarized in table 6. 


Table 6. Radionuclide concentrations in the Knolls site 
waste effluent, January-June 1965 


Concentrations AEC Standards 
(pCi/liter) (pCi/liter) 


Radionuclides 


Strontium-89 _- <7.3 3,060 
Stroniium-90 = * iivten 240 300 
methenium-100................. <7.3 10,000 
lodine-131_. -2 SG > aes <7.3 | 300 
Cesium-137 _- eo 410 20 ,000 
Cerium-praseody mium-144 aacaaie 58 10,000 
April 1966 


A total of 195 millicuries of beta-gamma ac- 
tivity was discharged to the Mohawk River 
during the 6-month period at monthly average 
concentrations ranging from 140 to 1,300 
pCi/liter. 

Since Glowegee Creek does not have a reli- 
able dilution potential, the radioactivity levels 
in the liquid waste from the West Milton site 
are operationally controlled and diluted prior 
to release to the creek. A total of 3.55 milli- 
curies was discharged at two points into 
Glowegee Creek during the 6-month period at 
monthly average concentrations ranging from 
8 to 790 pCi/liter. Samples of the Glowegee 
Creek water are taken once a week at two loca- 
tions, one at about 150 feet above the point 
where the S3G effluent enters the stream, and 
the other 2,640 feet below the S3G discharge or 
1,500 feet below the D1G discharge. 

Mohawk River water is sampled continuously 
at the point of discharge from the Knolls site; 
at the General Electric Company powerhouse 
8 miles upstream from the site; at the Vis- 
cher Ferry powerhouse approximately 2 miles 
downstream; and at the City of Cohoes pump- 
ing station about 13 miles downstream. Results 
are given in table 7. 


Table 7. Gross beta-gamma activity in streams receiving 
effluents, January-June 1965 


| Concentrations 
(pCi/liter) 


Streams and sampling locations 


Mohawk River (Knolls site): * 
G.E. Powerhouse (upstream)... .......5....-...<- 6 
Vischer Ferry (downstream)... _--- btwn " 7 
Cohoes (downstream) raw water jie 8 
Cohoes (downstream) finished drinking water 7 

Glowegee Creek (West Milton site): * 
ines cn code altbnbateameie 
Downstream 


® MPC— 100 pCi/liter 


Recent coverage in Radiological Health Data: 


Period Issue 


Third and fourth quarters 1960 September 1961 
First and second quarters 1961 March 1962 
July 1961-June 1962 July 1963 

July 1962-December 1963 June 1964 
January-June 1964 ” April 1965 
July-December 1964 October 1965 
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4. S1C Prototype Reactor Facility 
January-June 1965° 


Combustion Engineering, Inc. 
Windsor, Connecticut 


The S1C Prototype is a land-based nuclear 
submarine power plant operated for the Atomic 
Energy Commission by the Naval Reactors 
Division of Combustion Engineering, Inc. The 
prototype contains a pressurized water reactor 
power plant which is used to conduct research 
and development work and to train personnel 
in the operation of naval reactor power 
plants. Reactor power operations at the S1C 
prototype facility began in December 1959. 

The low-level radioactive waste discharged 
intermittently from S1C Prototype operations 
consists mainly of water. Small quantities of 
airborne particulates in gaseous waste are also 
generated and released on occasion in the venti- 
lation exhaust air. 

Essentially, all of the radioactive waste orig- 
inates from the activation of minute amounts of 
impurities in corrosion products in the circulat- 
ing water used as a reactor coolant. Small 
quantities of gaseous waste result from the 
activation of minute amounts of air dissolved 
in the coolant water. 

All materials released to the environment are 
routinely monitored to assure that waste dis- 
posal operations comply with AEC regulations. 
Monitoring results which follow indicate’ that 
the facility has fully complied with the pre- 
scribed standards of the AEC. 


Air monitoring 


Ventilation air from the submarine hull and 
the supporting facility at the prototype site 
may, at times, contain small amounts of air- 
borne radioactive particulate or gaseous activi- 
ties. This ventilation air is discharged to the 
environment through an exhaust stack. The 
ventilation air is continuously monitored for 
radioactivity by particulate and gaseous count- 
ers which control the discharge of the air. 


5 Sur narized from “S1C Prototype Reactor Facility 
Environmental Monitoring Report, January 1 to June 
30, 1965” (CENRD-3163-RS-516). 


254 


Alarms are sounded if the concentration ap- 
proaches permissible limits. When these limits 
are exceeded, the exhaust air is discharged 
through a high-efficiency filter bank or the 
ventilation system is completely shut down and 
the hull sealed. In addition, air is sampled for 
particulates at several locations on and offsite. 
Table 8 presents the average gross beta activi- 


ties in air. 
Table 8. Gross beta activity in air, S1C, January-June 1965 


Average 
concentrations 





Sampling locations 





(pCi/m*) 
ES GN TE GEO i oo oniccindibane <n dvéosncueses 59 
EE EARN SER IE eS, NEN 0.35 
IIS «550 34ers bok Ba dokeen ation @ cidhalacad 0.44 





Water monitoring 


Liquid wastes are collected in 5,000 gallon 
retention tanks. When a tank is full, it is sam- 
pled and analyzed for its radioactivity content. 
If the activity is below the allowable discharge 
limit, the tank contents are released into the 
industrial waste system. If the limit is ex- 
ceeded, the contents are diluted below accept- 
able limits in a 25,000 gallon dilution tank and 
then released. Table 9 is a summary of the 


gross radioactivity released to the Farmington 
River. 


Table 9. Radioactivity in liquid wastes discharged 
into the Farmington River, SIC, January-June 1965 








Activity Quantity 
Tot beta activity (millicuries)..................-....-- 11.6 
Average concentrations (pCi/liter) 
i ee So ed 3,500 
Nd tsi ia dais Seis ew simwibieww Lakin me as 2,800 
Se eS a aay ee ees Oe 72 
Manganese-54, cobalt-58 490 





The Farmington River is sampled periodi- 
cally at various locations as shown in figure 5 
for determination of gross beta activity in 
river water and mud. Except for one sample 
taken at the storm drainage waste outlet 
(sampling location 3) which read 80 pCi/liter, 
all water samples were less than the detectable 
level of 10 pCi/liter. All mud samples contained 
less than the detectable levels of 10 pCi/g. 
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Figure 5. Environmental monitoring locations, S1C Prototype site 


Recent coverage in Radiological Health Data: 








Period Issue 
January-June 1961 March 1962 
July 1961-June 1962 July 1963 
July 1962—December 1963 June 1964 
January—June 1964 April 1965 
July-December 1964 October 1965 
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Section V. Technical Notes 


REPORTED NUCLEAR DETONATIONS, MARCH 1966 


During March 1966, the Atomic Energy Com- 
mission announced five U.S. nuclear tests, one 
of which was part of the ‘““Plowshare” Program 
for developing peaceful uses of nuclear ex- 
plosives. The Commission also announced that 
on March 20, 1966, the United States recorded 
seismic signals from the Soviet nuclear testing 
area in the semipalatinsk region. These seismic 
signals were equivalent to those of a nuclear 
test in the low-intermediate to intermediate 
yield range. 
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A summary of the announced information on 
the U.S. tests is presented below. 


Date Testing area Type of test Yield * 
March 5 | Nevada test site Underground Low 
7 | Nevada test site Underground .| Low 
12 | Nevada test site Underground a Low 
18 | Nevada test site Underground .| Low-intermediate 
24 | Nevada test site Underground 
(Plowshare) -| Low 


* Low yield is defined as equivalent to the force of less than 20 kilotons 
of TNT; low-intermediate yield means an equivalent explosive force in 
the range of 20 to 200 kilotons of TNT; intermediate yield is equivalent 
to 200 kilotons to 1 megaton of TNT. 
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SYMBOLS, UNITS, AND EQUIVALENTS 





Units 


Equivalents 








centimeter(s) 

counts per minute 
disintegrations per minute 
disintegrations per second 
electron volts 

gram(s) 

giga electron volts 
kilogram(s) 

square kilometer(s) 
kilovolt peak 

cubic meter(s) 
milliampere(s) 

millicuries per square mile. - . -. 


million (mega) electron volts- - - 
milligram (s) 

square mile(s) 

milliliter(s) 

millimeter(s) 

nanocuries per square meter- -- 


picocurie(s) 


roentgen 
unit of absorbed radiation dose. 


equals GeV 
3.7 X10 dps 
0.394 inch 


1.6X10- ergs 


1.6X10- ergs 
1,000 g = 2.205 Ib 


0.386 nCi per square 
meter (mCi/km?) 
1.6X10- ergs 


2.59 mCi per square 
mile 

10-2 curie = 2.22 
dpm 


100 ergs per gram 








INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 
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